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CHAPTER I. ACTIVITY OF ASAMA-YAMA IN 1912 AND 191s. 

1. Introduction. The recent extraordinary volcanic activity 
of the Asama-yama, which began in 1908, has apparently reached 
its maximum intensity during the last two years. In 1912, in which 
there was no violent explosion of the mountain, the non-eruptive vol- 
canic earthquakes were very numerous; that of July 16th being 
especially large and violent. Again, the eruptions on Oct. 2nd 
and Dee. 13th-14th (Fig. 2), each of which consisted of a great 
number of outbursts individually not very strong, lasted respective- 
ly 8 and 31 hours, and caused remarkable elevations of the 
crater bottom, which became on the N and NW side practically 
continuous ‘with the top of the surrounding wall. In 1913, in 
which the non-eruptive voleanic earthquakes were extremely few, 
the strong eruptions, both explosive and non-explosive (§ 3), were 


very numerous; there being in the course of the year, at least 16 
ron) 
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outbursts, whose detonations were heard at considerable distances 
from the voleano. In 1913 there were also remarkable epochs of 
the continuous voleanic activity. Thus, in July between the 5th, 
34 p.m., and the 6th, 7 p.m., the tromometer at Yuno-taira 
registered the shakings of some 1,300 small eruptions ; while, on 
Oct. 15th, between 44 a.m. and 2 p.m., the tremor-recorder_ at 
Ashino-taira indicated about 250 of the similar disturbances. 

One of the marked features of the eruptions in 1913 was the 
increase in the distance to which the red hot lava fragments were 
projected. The four strong explosions of June 17th, July 13th 
and 19th, and Aug. 12th, sent the projectiles to the immediate 
vicinity of, and to places beyond, the Yuno-taira seismological 
observatory, causing damage to the window on the crater side. On 
Aug. 12th, the “ Volcano House”’, a sort of resting cottage for the 
mountain climbers situated at Yuno-taira about 250m nearer the 
crater which had already been abandoned, fared very badly, its 
roof being perforated, and its inside partially burnt, by a great 
number of the falling stones. Such effects of the great violence 
of the outburst, which did not occur in 1914 so far, neither in 
the years preceding 1913, might be due in a part to the elevation 
of the crater bottom, but in the main probably to the change in 
the depth of the most active under-mountain centre of the voleanic 
activity ; it being likely that there exists a particular focal depth 
corresponding to the maximum projection intensity of the eruption. 

In 1914 the seismological and meteorological observations were 
carried on at Yuno-taira in the same way as in the preceding 
year, from May 3rd to Aug. 31st. Then, between Sept. 1st and 
Oct. 22nd, the tremor-recorder was taken to the temporary station 
at Ashino-taira, a place about 2640m below Yuno-taira, where 
the trial registers had first been taken in the winter of 1911. On 
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Fig. 5. Maikake-yama seen from Yuno-taira, on July 27th, 1913, at 130 pm. The 
smoke groups were successively thrown eastwards. (F. Omori, phot.) 


ik q Z dy am : . Sie a 


Fig. 6. Strong non-detonative eruption of Asama-yama on Aug. 15th, 19138, at 9.59.11 a.m., 
seen from Yuno-taira, The smokes were thrown eastwards, (T. Toyoda, phot.) 
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the other hand, the observation with another tremor-recorder of 200 
times magnification was carried on, from Sept. 11th to Oct. 24th, 
and again from November 12th to Dec. 6th, in the office building 
of the Asama Pasture Ground at the distance of about 6350 m_ to 
the N 65° E of the Asama-yama crater. (See Fig. 45.) 

The present paper is principally devoted to the. consideration 
of the sound phenomena and the earthquake effects of the different 
strong eruptions in 1913, and those of Dec. 13th—14th, 1912, and 
May 5th, 1914; the full description of the diagrams of the non- 
eruptive volcanic earthquakes, the discussion of the areas of the 
seismic propagation, and other matters, being reserved for a future 
number of the Bulletin. 

2. List of Asama-yama eruptions in 1912 and 1913. Table 
I is the continuation of a similar list for 1908-1911 (Table V, the 
Bulletin, Vol. VI, No. 1) and gives the date and time of occur- 
rence of the 46 eruptions of the Asama-yama, which occurred in 
the course of the two years, 1912 and 1913, and*whose detona- 
tion or emission of ashes was intense enough to be noticed in the 
neighbouring or distant provinces, or at least in places outside the 


immediate base of the mountain. 


TABLE I. LIST OF THE ASAMA-YAMA ERUPTIONS, 1912-—1913.: 


(**) .... Eruption of a long duration. 
(*) ....Strong Eruption. 
Time of Occurrence 
No.” Date. : : Remarks. 


(at Asama-yama). 


Detonations heard at Naganohara and 


63 | Jan. 28, 1912. | 6.36 a.m. to 7.25 p.m. |] Maebashi. Ashes fell at Karuizawa 
‘ and vicinity, and also at Kumagai and 


other places in Saitama Prefecture. 


64 Feb. 13-14, ,, |10 p.m. (183th) to 7 a.m. (14th).| Ashes fell at Komoro and Kumagai. 


1) The number is counted in continuation of Table V, the Bulletin, Vol. VI, p. 25. 


a 


we 
72 we 


78* 


3) 


Date. 


Feb. 22, 1912. 


April 9, 
” 15, 
Oct-35 2: 
2” 3-4, 
3° “, 
”? 9-10, 


Dec. 13-14, ,, 


Feb. 11, 1913. 


April 18, 


3> 


33 


33 


39 


3) 


” 21-23, 29 
e 


May 16, 


» 29, 


June 13, 


33 
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Time of Occurrence 
(at Asama-yama). 


7.20 and 10.50 p.m. 
0.35 p.m. 
7.50 p.m. 


10 a.m. to 7.40 p.m. 


8.40 p.m. (3rd) to 10 a.m. (4th). 
2 a.m. 


93 p.m. (9th) to 24 a.m. (10th). 


Lasted 31 hours. 


2.) Veet © p.m, 


11. 53. 50 p.m. 


Several outbursts. 


4. 41. 00 p.m. 


22. ol “a.m. 


On 


1024 443% AZ Aacm! 


ore OL eeerl ees: 


10. 47. 41 pm 


Gaile OS eam, 


Remarks. 


fees heard at Komoro, Nagano- 


Detonations heard at Naganohara, 
Detonation heard at Naganohara. 


Dull detonations heard at Naganohara. 


Detonations heard at Naganohara and 
Maebashi, with ‘ash-precipitation at 
the former. 


Dull detonations heard at Naganohara, 


Detonations heard at Karuizawa, with 
slight ash-precipitation at Kumagai. 


Loud detonations heard at Naganohara. 


Ashes were carried ENE’ ward to the 
Pacific coast. The detonations were 
perceived in the provinces of Kotsuke, 
‘\Shimotsuke, Hitachi, Musashi, Shi- 
mosa, Sagami, Izu, Suruga, Totomi, 
\Shinano, Iwaki, and Iwashiro. 


Detonation heard at Nagano, Mae- 
l bashi, and Kumagai and other places 
in Saitama Prefecture. 


Detonation heard at Maebashi. 


Detonation and ash-precipitation at 
Naganohara and Maebashi. 


Detonation heard at Naganohara, 
Maebashi, and Kumagai and other 
places in Saitama Prefecture. 


Loud detonation heard at Naganohara, 
Kusatsu, Komoro, and Karuizawa. 


hara, Maebashi, Kumagai and other 
places in Saitama Prefecture ; also at 
different localities in Totomi, Suruga, 
Mikawa, Owari, and Mino. Ash- 
precipitation at Naganohara and a 
few places in central Echigo. 


Loud detonation heard at Naganohara. 


A strong explosion, whose detonation 
was heard on the one hand in provin- 
ces of Shinano, Echigo, Kotsuke, 
Shimotsuke, Musashi, Shimosa and 
Hitachi; and on the other hand, in 
Noto, Ktchu, Kaga, Echizen, Omi, 
Mino, Owari, Mikawa, ‘Totomi, 
and Suruga. Ash-precipitation zone 
extended eastwards to the Pacific 
coast. 


Detonation heard at Naganohara. 
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Time of Occurrence 
No. Date. 


(at Asama-yama). Remarks. 


Detonation heard in Kotsuke and a 
few places in the neighbouring 

x provinces, the ash-precipitation zone 
82 June 20, 1915. 4 06 47 am. }|extending toward ESE for about 90 
km. The W. sound area stretched 
\from Noto to Owari. 


5 “ ¢ Sound heard at Naganohara?, ashes 
83 ” 24, 5, 11 37 34 am. {pailine for 5 min. at 9.10 a.m. 


‘Detonation heard in Kotsuke and at 
a few places in Echigo and Shinano, 

ava the ash-precipitation zone stretching 
84 ” 26, 5; 8 09 40 a.m. ‘\ eastwards only to Maebashi. The W. 
sound area included parts of Mino, 
\Owari, and Mikawa. 


2 The sound areas were similar to those 
85 ” ” 9 Teele 59 p-m jot the preceding. There was ash- 
precipitation at Maebashi. 
86 July 1 Or 17> OL p-m At Wakasare, there was some ash- 
he 7 Sara precipitation. 
Detonation heard at Naganohara, 
87 ” i ee (p10) 32) 2.m. | Mucbashi and a few other places in 
province of Kotsuke. 
88 ” ” ” 9 46 58 p.m. Loud detonation heard at Naganohara. 
89 39 8, 29 oo 25 25 am. Do. 
The principal sound area stretched in 
the SW from Suruga to Omi; the 
90* ics hoes Amel wt9 p-m. detonation being heard, on the other 


‘\hand, only within a very limited 
| distance of the voleano. Ashes fell 
\at Naganohara. 


Loud detonation heard at Nagano- 

*% 8 hara. The sound was also perceived 
31 pit eho 2 08 34 toward the west at Kanazawa (Kaga), 
and at Gifu, Mitake, and Shiratori 
(Mino). 


3 The sound area consisted of 3 isolated 
* [= ¢ 
92 a? 19, fe 0 54 08 p-m j eoruons the largest of which extend- 
ed from Totomi to Omi. 


Detonation heard at Karuizawa, 
93* Aug. igs pe Taras OR p-m. Iwamrata, and Komoro, in Shinano ; 

; at Naganohara; and a few places in 
Mikawa, Owari, and Kaga. 


A strong explosion, whose sound area 
consisted of 3 portions similar to, 

4% : 2 but greater than, those in the preced- 
x ey : 4 11 20 33 p.m. ing case. The ash-precipitation zone 
extended to Mount Tsukuba toward 
the E slightly 8. 


95 ae Lest 9 59 11 a.m. Powerful smoke emission, unattend- 
ed by detonation. 


Date. 
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Time of Occurrence 
(at Asama-yama). 


Remarks. 


100 


107. 


108 


109* 


Aug. 15, 1913. 


Sept. 21, 


| Oct. 15; 


» 1%, 


9 bd 


3) 3) 


3) 20, 


39 


5 08 


1 40 


10 43 


3 27 


36 


~I 


dle iL 


54 


59 


47 


38 


38 


8°58 46 p.m. 


p-m. 


p-m. 


p-m.” 


p-m. 


a.m. 


a.m. 
p-m. 


a.m.” 


p-m.” 


p-m.” 


a.m. 


p-m. 


1) Time of earthquake occurrence in Tokyo, 


Powerful smoke emission, unattend- 
ed by detonation. 


Do. 


The sound area, composed of 2 sepa- 

rate portions, was similar to those of 
the explosions on July 13th and 
June 26th, at 8 a.m. 


Detonation heard at Nagano and 
Iwamrata in Shinano, and Maebashi 
cand Sannokra in Kotsuke, 


Detonation heard at Maebashi, Sanno- 
kra, Naganohara, and Kusatsu, in 
Kotsuke. 


Echigo, Shinano, Kotsuke, Musashi, 
and Hitachi. 


Detonation heard at Naganohara and 
Iwamrata. There was some ash- 
precipitation at Yokohama and the 
vicinity in the morning and between 
4 and 5 p.m. 


Detonation heard at Naganohara and 
Iwamrata, 


Detonation heard at Iwamrata, Naga- 
nohara, and Kusatsu. 


{re sound area included parts of 


Detonation heard at Iwamrata, 


Detonation heard at Naganohara and 
Maebashi. 


Detonation heard at Naganohara and 
Maebashi, Some ash-precipitation at 
Shiobara. 


Naganobara, Sannokra, and Takasaki, 
with ash-precipitation in Tone- 
county, prov. of Kotsuke, 


Eruption witnessed from Asama 
Pasture Ground. 


Sounds like distant thunders heard 
at Maebashi. There was some 
precipitation of ashes (sands) at 


fae of long duration, heard at 
Heciat 
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Among the outbursts tabulated above, Nos. 76, 77, 78, 80, 82, 
84, 85, 90, 91, 92, 93, 94, 96, 97, 98, and 99 were strong detona- 
tive explosions, while Nos. 86, 95, 95’, 95'’, and 109, were power- 
ful non-detonative eruptions. The greatest monthly frequencies of 
7, 8, and 10, ‘occurred respectively in June, July, and November 
of 1918: 

3. Detonative and non-detonative eruptions of Asama- 
yama. The eruptions of the Asama-yama may be divided into - 
the two classes of explosive and non-explosive outbursts, these 
being respectively detonative and non-detonative. A strong explosion 
is accompanied by a loud detonation or sound shock, like 
heavy thunder or artillery peals, shaking houses violently and 
not rarely breaking window panes even at Karuizawa, Komoro, 
Iwamrata, etc., places situated at the radial distances of 11 to 
16 km from the crater. A. non-explosive eruption is, even when 
very strong, not accompanied by any detonation, save feeble 
sounds like that of a running train or rushing winds. The present 
author has several times witnessed moderate eruptions of this 
eategory from the crater wall itself, no explosive sound being 
even there perceived at all. 

The detonation of an explosion, which is always short in 
duration, is probably caused by a sudden formation or breaking 
‘open of a new vent at the crater bottom, where the lave 
surface was hardened into a solid layer. On the other hand, the 
non-explosive eruption, whose duration is generally more or less 
long, consists of an abundant ejection of smokes, ashes, and rock 
fragments, in consequence of a powerful outburst along a pre- 
existing crevice or channel. According to these points of view, 
the detonative explosions of the. Asama-yama may be regarded 


more as of the nature of a surface disturbance which creates a great 


8 F. Omori: 


deal of air waves, and the non-detonative eruptions that of a deep- 
seated action involving a considerable amount of energy to be 
converted in a large measure to earthquake vibrations. From the 
tromometer diagrams obtained in Tokyo, it is clear that the 
Asama-yama eruptions of the latter sort cause generally much 
greater shakings of the ground than those of the former. 

4. Height of smoke ascent. In the case of a strong eruption, 
whether detonative or non-detonative, the smokes ascend some- 
times to a considerable height. Thus, on the occasion of the non- 
detonative eruption of Noy. 20th, 19138, which the author witness- 
ed from Kutsukake, the eddying smoke column ascended with a 
small deviation from the’ vertical, to a height of about 7,500 m 
above the mountain top, or 10,000 m above sea-level, breaking 
through a layer of strato-cirrus, so that the round top was covered 
with white cloud envelope. As the ascent took about 5 minutes 
time, the approximate velocity of the vertical progress was on 
the average some 25m per sec. Subsequently the smokes were 
thrown gradually eastwards to an inclination angle of about 
45°, The eruption was accompanied for about 10 sec. by dull 
sounds, like those of distant gun reverberations, causing at the 
above named village slight shakings of the shojis. The ash- 
streamers were observed to fall down first 1 minute or so after the 
commencement. When first looked at, a few seconds after the 
perception of the feeble eruption sounds, namely, about 30 sec. 
after the actual occurrence of the outburst, white smokes were 
already issuing from a great number of points at the Tengu-no- 
roji on the SE base of the Maikake-yama, and at the Jigoku-zawa 
on the S. flank of the Asama-yama; these being no other than 
the small conflagrations of grass .and trees caused by the precipi- 


tation of hot lava fragments. 
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As an instance of small non-explosive eruption, may be 
mentioned that of July 2nd, 1912, at 5°-29™ 21° a.m., which the 
author witnessed from the Yuno-taira observatory. This consisted 
in the emission of a large amount of black smokes, which ascend- 
ed vertically to the height equivalent to the elevation of the 
Maikake-yama, or the space of about 1680 m (KF in the ac- 
companying figure) in the time interval of 2" 30°, the mountain 
having previously been perfectly calm. The smokes were then 


thrown toward the SSE. This outburst, which was accompanied 


A....WSW crater edge. 


y E O....Crater bottom. 
VENUG (= WS 
M....Maikake-yama. 
D Y....Yuno-taira observatory. 


ZMYO=ZEYM. 

Height of MW above Y=570 m. 
Gf ‘Bua; =580 m. 

Caae:. =460 m. 

Y¥ 0=2300 m. Cie 20 min, 


EF=1680 m. 


Y 


YO=Level of Yuno-taira. 


by a rushing sound like that of wind blowing, gave on the tromo- 
meter record at Yuno-taira a diagram consisting of regular minute 
serrations. (See Fig. 60.) The approximate time interval between 
the 1st appearance of the smokes over the Maikake-yama and the 
actual commencement of the eruption was some 30 sec., the mean 
rate of the vertical ascension being thus some 1970 m/180 sec.= 
11 m/sec. This velocity is probably little different from that of the 
upward current, which must always exist to a greater or smaller 


extent over the Asama-yama crater, a sort of huge natural furnace. 
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5. Precipitation of lava fragments and ashes. It, is 
doubtless due to the great violence of the upward rush of the 
steam and gases suddenly liberated by a strong eruption that, 
not only the ashes and sands, but lava fragments of no in- 
significant dimensions are often carried along with the ascending 
smoke column to be dropped down after a considerable time 
interval at places several kilometers distant from the crater. Thus 
on the occasion of the eruption of Noy. 20th, 1913, which was 
not explosive, (§ 4), my assistant, Mr. T. Yoshida, observed at 
the Asama Pasture Ground the time of arrival of the sound of 
the eruption to be 3" 41™ 08° p.m., while it was first 7™ 28° later, 
or at 3° 48" 36° p.m., that the smoke column, gradually wafted 
from over the crater, reached the sky above the station in question 
and began to drop down lava pieces, some of which were about 
25cm in length and 1cm in thickness, and weighed 5.0 to 6.6 
grams; the precipitation having continued for 2" 20°. Again, on 
the occasion of the smaller non-explosive eruption of Nov. 14th, 
1913, (Fig. 49), the smoke column reached the zenith of the 
Wakasare Cottage first about 5 min. after the voleanic sound had 
been heard, and then there dropped down lava fragments several 
of which were 5 to 6$em in length and 1$¢m in thickness, 
and weighed 50 to 75 grams; being too hot at the moment of 
their fall than to be safely touched with hand. As the distances 
of the Asama Pasture Ground and the Wakasare Cottage from 
the crater are about 6350 and 5200m, the velocities of the 
horizontal progress of the smoke column on the two above-mention- 
ed cases were respectively about 134 and 16 m/sec. It may be 
remarked that the lava fragments, which are suspended in the 
ascending smoke column, are always more or less platy in shape. 


In the case of the eruption on Dec. 14th, 1912, the time of 
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commencement and the duration of the ash-precipitation at the 


different places were as follows :— 


: ' Time of commence- re 
Place. Distanee from SNE ee Te of the 
Asama-yama. precipitation. ash-precipitation. 
h m i h m 
Maebashi. 50 km 10° £3) (asm: Je ei) 
Utsunomiya. 121 HE oie | 50 
Otsu (province of Iwaki). 204 OF OU aa t.0); 2 40 


The average transit velocity of the ashes between the three 
stations of Maebashi, Utsunomiya, and Otsu, of the radial distances 
of 50-to 204 km, was 16.4 m/s or about 60 km per hour. 

6. Projection of lava fragments. Several of the explosions 
in 1913 were quite strong, throwing out lava fragments to distances 
greater than in the preceding years. This implies partly an 


with which the lava frae- 


<<) 


augmentation in the initial velocity, 
ments were projected out from the crater (§ 1). Let us now find 
out the relations existing between the projection velocity (v); the 
projection, or elevation, angle (4); the inclination angle (@) of the 
mountain slope; the horizontal projection distance (wv); and the 
angle of fall (¢), at which the projectile strikes the slope ground. 
Taking the coordinate origin at the source of projection, or the 
centre of the crater bottom, and the y-axis vertically downwards, 
we have, for the time ¢, counted from the moment of the explo- 
sion, the following equations :— 


=U COS a ; 
: Wt 
y=—vtsin ue ts: 


in which g is the acceleration due to the gravity. For the point 
S, or the intersection of the path of the projection and the 


mountain slope OS, whose equation is y=wvtan é, we have 
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OSeoib trae e Mountain slope. 
OSUS teers Path of a projectile. 
ZQ0x=a ..Angle of projection. Fig. 8: 


ZeOS=6 ..Slope angle. 


Oe tae seis Origin of projection, or centre of crater bottom. 
OLN stShater = ve Aes Horizontal distance of projection. 
y Yo oka eee Height difference of S below the plane Ox. 
ei eet eee Angle at which the projectile strikes the ground. 
he be 
Li= “( sin 2¢4+ cos 2a tan 6+ tan ) .. SO ae (1) 
a) 
ten a@—=tan e— 24am ON. ca. on ok. (2) 
2 YX, 
De Dr se ee (3) 


tan Y cos’ a+ sin @ cos a 


These equations enable us to calculate, from the knowledge of 
the horizontal distance (a) of projection and the angle (¢) of fall, 
the value of the initial velocity (v) of projection, and the angle 
(4) of elevation. Should the lava fragments be assumed to be 


projected with one and the same initial speed in the different 


directions and elevations, the angle % corresponding to the maxi- 


mum horizontal distance of projection is given, in virtue of (1) 


by the equation 
| BASRA MERE tee ula. 6% (4) 


(Size is indicated in each figure by the annexed cm. scale.) 


patie, (2). 


Oa See Me Sache lT. 8. 8 0 - MWe ) WoW Hh Bn 


Fig. 11. 


Fig. 9. Lava fragments suspended in the ascending air current 
and dropped down at the Wakasare Cottage. (Eruption of Nov. 14th, 
1913.) 

Fig. 10. A lava block projected to the Yuno-taira Observatory Ground, 
burying itself into the soil with the arrow-head point downwards. 
(Explosion of July 19th, 1913.) 

Fig. 11. ight bluish-white bread-crust bombs, found at the sum- 
mit of the Asama-yama, after the explosion of Dec. 13th-14th, 1912. 
(The right-hand side one contains small pieces of cordierite.) 
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Fig 13. The “ Volcano House,” a resting place at Yuno-taira, perforated by numerous 


lava fragments projected out by the strong explosion of Aug. 12th, 1913. 


(F. Omori, phot.) 
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Pig. 14. A hole caused at Tengu-no-roji by the fall of a lava block projected by the explosion, 
probably of Oct. 22nd, 1911. May 20th, 1912. (F. Omori, phot.) 
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Fig. 15. View of the margin of the Wakasare branch of the lava stream of Temmei (1783), 
with Ko-Asama on the left-hand side back ground. May 20th, 1912. (F. Omori, phot.) 
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It follows that, if 6=0, then «, reduces to 45°; i.e., for the case 
of an explosion from a centre situated on a horizontal plane, the 
lava fragments projected at an elevation angle of 45° will reach 
the furthest radial distance. Again, the time of descent, or more 
strictly, the time interval (+) between the moment of the explo- 


sion and that of fall of the projectile at S, is given by the equation 


ee eh 2h (tan a+tand) et a 3+?) (5) 
J 


As illustrative examples, I shall next apply the calculations to the 


cases of a few of the strong explosions of the Asama-yama. 
Explosion of July 19th, 1913. According to the eye obser- 
vation of Dr. K. Aomi, the angle ¢ for a lava fragment, which 
fell in the vicinity: of the Yuno-taira observatory, at the foot of 
the Kiba-yama, was about 70°. As the corresponding horizontal 
distance from, and the height difference below, the grater bottom, 
are respectively about a,=2300 and y,=580 metres,* we find :— 
Mean slope angle ¢=14° Again, according to Equations (2), (5), 


and (3), we have :— 


Apcle oreproenon s20.,.......-..).4=506° 
mametordescemtur. i650 2.42) mi. 3k T= 34 sec. 
Projection velocity ............... v=165 m/sec. 


According to these calculations, the moment of impact of the 
lava fragment in question was 34 sec. after the commencement 
of the explosion, or some 26 sec. after the arrival of the detona- 
tion at Yuno-taira. There were, of course, cases of earlier 
descent of lava fragments. Thus, according to the account of the 
observatory servant, who was sitting by the fire-side at the time 
of the explosion, the building was struck, as he got out of doors, 
by the earth splashes caused by the fragments, which fell a short 


EEE EEE EEE —————————————E—E———— as a 


* In 1913, the crater bottom was quite shallow. 
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distance to the east, probably some 10 sec. after the arrival of 
the detonation. 

Explosion of June 17th, 1913. . On this occasion a lava 
fragment of no insignificant magnitude (probably 1 foot or so in 
dimension) was hurled to a place 768 metres below the Yuno- 
taira observatory, or about 2930 metres (=) horizontally distant 


from the origin of the explosion, forming there by the force of 


impact a conical hole on the ground about 3m in diameter and 
13m in depth. We may reasonably assume the lava block in 
question to have been thrown out from the crater at the elevation 
angle (%), which corresponded to the maximum horizontal projec- 
tion distance, and we obtain from Equation (4), taking 6 to be 
14°, the value of about 38° for %, as follows :— 


? 
i Ab? —— co = 38° 


we further find :— 


Aniglevnl im parti. ectns, oeeeuee, y= 52° 
Dims, of descentira. cee 2 eae a) -... T= 24.8 sec. 
Projection wvelocity Vee ee eee led v=150 m/sec. 


Hxplosion of Aug. 12th, 1913. On_ this occasion, the 
‘“Voleano House” at Yuno-taira, a low flat wooden building, 


a 


Los 


(y =40°) 


(g=45°) 
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a 


(y =43°) 
} { C 
(«) ....Point where a lava fragment pierced the roof, D6; 
(c) ....Point of impact on the floor or ceiling. (g=4T) 


I1m long and 6m wide, had its thatched roof pierced by no 
less than 27 small lava fragments. One of these, of about the 
size of a man’s fist, made a hole about 10 inches in diameter on 
the roof (at a, Fig. 16), and scorching the bamboo ceiling (at c), 
finally dropped down to the floor. Another lava block 6x6" x 
3" in dimensions, made a hole about 10'’in size on the roof of 
the bath room (Fig. 17) and then strack the ground. <A. third 
broke through the roof of a neighbouring room (Fig. 18), and 
then strack the side wall. <A fourth, about 6” in size, made a hole 
12"'x 6’ in dimensions, on the roof of the stable (Fig. 19), and then 
strack the ground. The angles of impact in these 4 cases were 
respectively 40°, 45°, 43°, and 47°, giving the average of 44°. 
The different buildings were scorched more or less at many points. 
As the ‘Volcano House” is about 500m below, and at 2080 


m horizontal distance from, the crater centre, we find :— 


a= 24° 
For g=44° ....{ v=131 m/sec. 
wea (see. 


In the case of the eruption under consideration, a curious 
phenomenon was that there were in the neighbourhood of the 


observatory several narrow canal-like scratchings of the ground, 
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apparently the effect of the rebounding out of the lava blocks 
projected at low angles. The largest of these was about 8’ in 
length, 2'$ in width, and 10” in depth; the soil and grass being 
forcibly torn and thrown to distances of 10m or more. In the 
case of a small scratching, the length was 1'$ and the width 
4". There were of course numerous instances, in which the lava 
fragments buried themselves into the soft ground. Thus, a hard 
angular block about 6’’ in length, which fell at a distance of only 
a few metres from the observatory, was found embedded some 
10” obliquely in the soil. Another, about 5’ in size penetrated 
to a depth of 6” at an inclination angle of 30°. 

Lava fragments projected to Lengu-no-roji. On occasions of 
the different strong explosions, lava fragments, of maximum 
dimension of about 1m (Fig. 12), were in a great number 


projected to the Tengu-no-roji (Devils’ Throughfare), a picturesque 


a 
SESE Ads Pig. 2221; Pig. “22. 
a 
G= 1 Bh! g=%3° 18! 
72' ‘ 
10 
\ 
\ 
oY, 
b = c 4 ze 


Lava block was an 
angular piece 1! 
in length. 


Lava block, 1! cube, made a 
hole at c, 3! in diam. and 
1! in depth. 


Lava block, embedded at c, 
formed a hole 4! in diameter 
and 2! in depth, 
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flat enclosure of hard ground at the SW = foot of the Maikake- 
yama. The following determinations of the angle ¢ were made 
on July 28th, 1913, from the observations of the height of the 
point (a), where a falling lava fragment smashed a tree trank 
(ab), and the horizontal distance between the latter and the place 
of impact (c) on the ground (bc). The values of the angle of 
impact (¢) in the three cases figured above (Figs. 20, 21, 
and 22), which probably relate to the explosion of June 17th, 
1918, were respectively 71° 34’; 73° 18’; and 65° 6’, giving the 
average of 70°. As the place under consideration is at a radial 
distance of about 1900 m from the crater centre and 470 m below 
the level of the latter, we find :— 

a= 66° 

v=150 m/sec. 

701 Sec, 

Explosion of Oct. 22nd, 1911. At a place called Sai-no- 
kawara on the plateau (Yuno-taira proper) above the “ Volcano 
House” of Yuno-taira, at a radial distance of about 2000 m to the 

WSW from the 


. Peet erater centre, 
and 490 m below 
the level of the 
latter, there were 
found a few 

g = 68° 


large lava 
blocks, = which 
were projected 
on the occasion 


aa. of the explosion 
b ee ee oe 


UM in question. One 
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of these smashed a large Larix leptolepis tree (ab, Fig. 23) at the 
height of 18 feet (at a), and strack the ground with the angle of ¢= 
3° (at c), forming a hole 12’ in length, 6’ in breadth, and 4’ in 
depth. The stone block, which was about 4' long and 3’ thick, 
jamped out and rebounded to a further forward distance of 15 


feet (to c'). The results of the calculations are :— 


a= 56° 
v=184 m/sec. 
7=26 sec. 


Summary. The estimated values of the initial projection 


velocity on the occasions of the different explosions are as follows :— 


Jil yO Dune ee ene tc ees v=165 m/sec. 
June ws ties, ee he Ce 152 
- , te WEA 420 en 150 
Ae. ACT, eee ee eee ot |, toe 
Wet 22ndee1 9 Vlas gees eee. See 134 


Thus the projection velocity seems to be roughly about 150 
m/sec., or, say, from 100 to 200m per sec., there being no reason 
to assign any high degree of accuracy to the results of the 
calculations, in which the air resistance has been entirely neeglect- 
ed. Now, the muzzle velocities of 12 inch and 6 inch naval guns 
attain respectively the maximum values of about 860 and 900m 
per sec., that is to say, some 5 or 6 times greater than the 
assumed projection velocity of the strong Asama-yama explosions. 
That the latter can not throw out lava fragments with extremely 
high velocities is likely enough, as the effect of the outbursts is 
simply to scatter off the superficial coverings of the molten 
material filling the crater shaft. Of course, the quantity of the total 
lava mass thrown out by a strong explosion of the Asama-yama may 


be some 50 metres cube in volume, and is incomparably larger 
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than that of the projectiles from heavy artillery pieces. The 
energy of such an explosion will roughly, so far as the projection 
of lava masses (m) of density pe (=2) is concerned, be, assuming 
the initial velocity (v) to be 150m per sec., 

= smi a= = x 50? x 10° x 2 x 150’=10" x 3 kilogrammetres, 

or about 200 times larger than that of the eruption of the Azuma- 
san of May 19th, 1893.* In the small explosions, the velocity is 
smaller, and the courses of the projected lava fragments, which 
have often tails of steam or gases, can distinctly be followed with 
the eye from the northern base of the mountain, as was the case, 
for instance, on Dec. 25th, 1911. Again, it is by no means rare 
that large lava masses thrown out by the strong explosions were 
observed even from the towns of Komoro and Kutsukake at the 
radial distances of 9 to 13km. (See Fig. 2.) 

The lava fragments projected vertically upwards with the 
initial velocity of, say, 150 metres per sec. will reach to a distance 
of some 1,100 metres above the crater. 

It is to be remarked that the lava masses projected to a more 
or less considerable radial distance were hard fragments, often 
with arrow-head like point with which they penetrated into the 
ground. (See Fig. 10.) 

7. Holes caused by the falling lava fragments. The hard 
lava fragments projected out on the occasions of the different 
strong eruptions of the Asama-yama produced holes as they fell 
on the ground with considerable force. These were most abund- 
ant on the plane grounds of the Yuno-taira and the Tengu-no- 
roji, and other places within about 2,200 metres horizontal distance 


from the erater centre. The farthest horizontal distance of projec- 


* F, Omori: The eruption of Azuina-san. Seismological Journal of Japan, Vol. XIX, 1894. 
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tion of about 2,930 metres was reached on the occasion of the 
explosion of June 17th, 1913, when a_ hole 3 metres in diameter 
was formed on the slope of Nagasaka, between Yuno-taira and 
Ashino-taira. The greatest of the holes, which were circular or 
elliptical, had the diameter of about 8m, the depth being, how- 
ever, comparatively small and less than 1.7m, as the ground 
is, at the places under consideration, hard and mixed with rock 
fragments. In the following table, I give the dimensions of a few 


holes found at Yuno-taira and Tengu-no roji :— 


Place. No. | Diameters. | Depth. Remarks. 
ft tt ft ; ‘ 
> Relating probably to the explosion of 
1 15x 18 4 {oe Oct. 22, 1912. 
2 Bae 1 i | te Stone block was of the size: 2x 
3 6x 4 1} 
Teneu-no-roji. 18x18 5 
4 J * Relating probably to explosion of June 
17, 1913. The stone block, which 
5 Ble 1 4 jamped out and _ rebounded several 
times, was of the size: 2x2x4!. (See 
Fig. 12.) 
(‘The dimension of the stone block was 
6 10 x 10 4 (about 2/, 
7 9x 9 2 (See Fig. 25.) 
8 Lo Kae 5 (See Fig. 24.) 
Relating probably to the explosion of 
: ie é 
Yuno-taira. 9 15 x 12 4 ee 12, 1913. 
Relating probably to the explosion of 
10 1210 4 | Aug. 12, 1913, The stone block was of 


the size: 3x3x1}!. 


As will be seen from the above table, the major diameter 
of the holes was on the average about 4 times larger than the 
depth, a relation which is contrary to that for holes produced on soft 
soil. (See below.) Again, the size (length) of the stone block was 
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Fig. 24. 


Big, 325. 


only about 4 of the major diameter of the hole it produced. In 
very many cases, the holes at the Asama-yama were each a 
perfect inverted cone, as indicated in Figs. 24 and 25, being usual- 
ly furnished with a ridge along the circumference, or part of it, 
(S in the figures). If the ground had been covered with grasses, 
the latter were found at the ridge, whose maximum height was 
3 feet, turned upside-down and struck or splashed forcibly out- 
wards, due to the force of the impact of the falling lava mass, 
often exploding with great violence, such that its fragments and the 
smashed plants were, in the case of No. 9 found shot off to the 
distance of about 35 feet from the centre of hole. <A lava block, 
about 1 ft. in size, which fell on soft soil at a distance of 110 feet 
from the observatory, splashed earth to the doors of the building. 

7'. Digression: holes in the case of Azuma-san eruption. 
The formation of the holes, which is a phenomenon almost common 
to all explosive eruptions, has been brought into notice by the 


late Professors S. Sekiya and Y. Kikuchi in their reports on the 
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Bandai-san outburst of 1888. On the occassion of the eruption 
of the Azuma-san*, in the Fukushima prefecture, on June 4th, 
1893, numerous holes were produced by the projected rock frag- 
ments, which fell on the marshy plain, called the Numa-no-taira, 
the site of the old crater. As the soil was soft, the holes remain- 
ed perfectly clear in outline, and the depth was generally a little 
larger than the major diameter of the opening, as will be seen 
from the following list of the measurements :— 

Eee eee 

No. Diameters. | Depth. Remarks. 


65 cm 90 em 


2 25 23 

3 (er 15 

4 22 40 

5 20 90 

6 40 AO Stone block, 12x12x6cm, buried edgewise. (Fig. 26), 
7 24x17 |>14 | (See Fig. 27.) 

8 200 270 Stone block was about 60cm in size. (Fig, 28.) 


Fig. 26 Fig. 27 
Cm 
40X40 Ps 
Sie ak, aaa 5 ES A ee 7” 
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* An account of the eruption is given in the Seismological Journal of Japan, Vol. XX, 1894. 
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Fig. 28. As indicated in Figs. 26, 27, and 28, 
cont. the hole, whose axis was more or less 


inclined away from the direction of the 
erater, was generally of a compound 
form, being made up of the wide and 
shallow depression and a _ narrow 
deepening. The hole No. 8 (Fig. 28) 


ie was like a large paraboloid. The size 


of the stone block was in these cases 
only about one-third of the diameter of the mouth opening. 

8. Specific gravity of Asama-yama lava. The following 
table gives the list of values of the specific gravity of a few 
specimens of the Asama-yama lava, relating mostly to the erup- 
tions in 1913. It will be noted that the specific gravity of the 
massive lava pieces (i and ii) was about 2.5; while that of the 
bread-crust bombs and scoriae pieces found near the mountain sum- 
mit was, on the average, about 1.1, being not much different from 


that of the ashes. The specific gravity of the pumice was about 1.2. 


eee ee ee eee ———E—E—EEEOE——— 


Specimen. Specific Gravity. 
2.42 
‘) ( Massive lava pieces projected to the vicinity of | 9.51 
i 
( | Yuno-taira observatory, or to Tengu-no-roji. 2.58 
2.29 | mean, 2.47 
3 2.82 
ii) Lava fragments dropped down at Wakasare ane 
1 Lie 
( from among the smoke columns. 9.99 
0.90 
/ 1.04 
(iii) Bread-crust bombs found at the summit. 0.82 


136 ¢ mean 1.07 
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Specimen. Specific Gravity. 
: . ; : 0.97 
(iv) Large scoriae pieces. 131 
0.86 
(v) Pumice which were dropped down at Wakasare. | 0.83 
0.60 
.. { Ashes, which fell at Wakasare. 1.32 
Oe 3 9) tab Pes eumaons: 1.05 


9. Emission of smoke. In the ordinary, or -non-eruptive, 
times, the large smoke masses of white or gray colour come out 
from the crater in detatched clusters often at more or less regular 
intervals. Such can be seen more distinctly when winds are 
blowing strongly over the mountain, as was the case on J uly 
27th, 19138, when successive pieces of cotton-ball like smokes 
were swiftly carried eastwards. (See the illustration, Fig. 5.) The 
following is a part of the list of the times of appearance of the 
smoke masses over the summit, observed on the above-mentioned 


day from the Yuno-taira observatory :— 


1106 2am MME MO SO eT He oe fone ee 
05 50 1 13 16 51 23 08 
06 10 11 34 | 17 45 24 15 
06 35% 12 28 18 00 24 55 
06 51% 12 44 18 13 25 36 
07 35 13 21" 18 50% 25 54 
08 08 13 54 18 56* 25 30 
08 22 ‘eevh 19 31 27 O7* 
08 54% 1513 20 07 28 06 
09 52 | 15 41 90 26% 28 20 


LODGE 15 57 Aledo 28 36 
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Ti gon teen S919 ne) 1130 88am, 11 40 I4a.m. 
29 52 33 04 37 04 40 40 
30 48 33. 36 87 44 41 33 
3106 34 14 38 30 
21 36 34 A4 39 11 * Comparatively larger 
31 58 35 40% 40 06 tae 


The time interval between. the successive emissions of the smoke 
masses, which varied between 13 and 62 sec., was most frequent- 
ly included between 16 and 23 sec., and, to a less extent, between 
35 and 38 sec., and betweeh 53 and 59 sec., giving the average 
values respectively of 19, 36, and 56 sec. Of these three values, 
the 1st may be taken as the fundamental interval, and the two 
latter as its multiples. 

As a ease of the occurrences at close intervals of the small 
non-explosive eruptions, which were strong enough to be register- 
ed by the tromometers at the Yuno-taira observatory, we may take 
the 135 outbursts observed on Oct. 2nd, 1912, between 0" 0™ and 
1° 04" 39° a.m. According to Table II, the Bulletin, Vol. VI,. No. 


2, the successive time differences, which varied between 10 and 


82 see., were as follows: 


Interval. |Frequency.|| Interval. | Frequency.|| Interval, | Frequency.|| Interval. | Frequency. 
LG 1 Loree 3 26 *°°- + DA. 82° 0 
11 3 Lo 7 27 8 35 3 
12 4 20 5 28 5 36 1 
13 1 21 7 29 3 37 1 
14 4 22 6 30 + 38 A 
15 7 23 3 dL 3 39 3 
16 4 24 + 32 4 40 1 
a 3 25 2 oD 1 41 2 
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ST DE | EEE rem ee 


Interval. | Frequency.|| Interval. |Frequency.|| Interval. |Frequency.|| Interval. Frequency. 
42, sec. O 46 sec. 3 58 sec. Il 73 sec. 1 
43 2 47 3 61 1 81 
At 3 5d 2 65 1 82 
45 i 57 2 70 2 


From the above table, it will be noticed that the interval 
in question was in the 100 out of the total number of the 135 
were included between 11 and 382 sec., while it was specially 
frequent between 15 and 22 sec. This last feature is similar to 
the preponderance of the value of about 19 sec. in the cases of 
the smoke emissions in the ordinary times, before considered. 

On July 27th, 1913, the smokes were carried by the strong 
winds along the south-eastern slope to the mountain base, and 
constituted in the evening hours a light yellowish misty layer 
extending over the plains below, which caused some ash-precipitation 
at Miyoda, Komoro, and neighbouring places. It igs evident that 
the strong explosions send the smokes into a considerable height, 
thence to be generally carried eastwards by the upper air current, 
differing in this respect from the small eruptions or the ordinary 
non-explosive smoke emissions, which cause ash-precipitation in 
the immediate neighbourhood of the mountain in obedience to the 


surface winds. 


CHAPTER II. SOUND AREA AND ASH-PRECIPITATION 
ZONE. 


10. The sound areas and the ash-precipitation zones of the 
11 typical explosions in the three years 1909 to 1911 have been 


described in the preceding volume of the Bulletin. I now proceed 
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to consider the cases of the 12 strong outbursts in 1912 and 19138, 

whose dates and times of occurrence are as follows :— 
Cie) Decal i4th. 19123) *-9) 23.700. a.m. 
(2)):May 16th, 1913; 4, 41., 00 pm. 
(3) S 29th, ag Cece INE a a i 
(4 June slit 7, 7 10. 47. -41 ‘p.m. 
(5) 20th, pe ee 4a U0. AC st. 
(6) . 26th, ween 5 00. FA0. Vac: 
Gl ee ee Giese y 11,. 41. 59 “pm. 
(sme tlveelotigee, > 4. OL, 19 p.m. 
Gomes, 19th, Peewee Os D452 05 ¢ p.m, 
Po eee tat 25) 3) 11: 20. 33) p.m. 
Ciimmeoepus lst 70°; 1.) 50. 59 p.m: 
(12) Oct. 26th, wee) oo.) 214, OS. &.m; 

The sound areas and ash-precipitation zones of these explo- 
sions present, as will be seen from the illustrations in Figs. 29 to 
44, many interesting characters, which were not fully exhibited in 
those of the previous outbursts. 

ll. Eruption of Dee. 13th—14th, 1912. According to the 
report of Mr. Tsuchiya of the Wakasare Cottage, the volcanic 
sounds were heard from 8.20 a.m. on the 13th, there being 
eruptions at 11.40 a.m. and 2.05 p.m. in the same day. After 
the detonation at 7.06 p.m., the eruptions became stronger and 
continuous during the night, the mountain top being covered by 
the red hot rock fragments projected out like fize-works. The force 
of the eruption was augmented from about 9.25 on the next 
morning, the intensity of the detonations being such that, from 
10 a.m., the doors and shojis began to be thrown down. The 
smokes were carried by winds toward the NE, causing in the 
neighbourhood of the Ko-Asama the precipitation of sands, small rock 


fragments, and pices of light white snow-like pumice stones, about 
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10 cm. in maximum dimension. The outbursts began to decrease 
in violence from about the noon and ended at about 3.50 p-m. 

At Karuizawa, about 11km to the ESE, the disturbances 
began at about 1 p.m. on the 13th, the detonations becoming 
strong enough to shake the houses and break window panes since 
about 11 p.m. on the same day. On the morning of the 14th, from 
about 8 o'clock, the lava pieces thrown out from the erater could 
be distinctly observed with naked eye, resembling groups of flying 
birds. That some of the projected masses must have been several 
metres in dimension may be inferred from the photograph of the 
eruption (Fig. 2), taken at about 10 o’clock on the morning of the 
14th from Komoro, a town situated 13 km to the SW of the crater. 

At Iwamrata, 16km to the S 17° W of. the mountain, the 
detonations, which were heard from 7 a.m., became very strong 
at 11 am., when the lava pieces were observed to fall to the NW 
side of the top, the smokes being thrown eastwards. 

On account of the fine quiet weather prevailing at the time 
of the eruption, the smokes were visible also from Ueda and 
Nagano, at the radial distances of about 24 and 44 km respectively 
to the W and the NW ofthe mountain. Mr. Nishizawa, Director 
of the Nagano Meteorological Observatory, observed with a hand 
level the altitude of the smokes at 10 and 104 a.m., when the. 
eruption was most intense, to be 7°.0 to 7°.1, giving the height 
of smoke ascent of about 5.4km above sea-level or about 3 km 
above the top of the voleano. At Ueda, Professor Y. Tsukiji, of 
the Sericultural College, estimated the maximum altitude of the 
smokes to be about 24km above the mountain. The ash-precipi- 
tation zone and the sound area are shown in Fig. 29. 

Ash-precipitation zone. The ash-precipitation zone was a 


narrow region, which stretched from the Asama-yama, as the 
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apex, in an ENE direction to the coast of the Pacific. Its length 
was about 115 km and its maximum width about 60 km, including 
Karuizawa and vicinity, and parts of the provinces of Kotsuke, Shimo- 
tsuke, Hitachi, Iwaki, and Iwashiro. The ash-precipitation com- 
menced on the 14th at different moments in the various provinces, 
according to their radial distances, approximately as follows :—In 
Kotsuke, from 9.50-11.00 a.m.; in Shimotsuke, from 10.45 a.m.— 
2,00 p.m.; in Hitachi, from 1.p.m.; and: in Iwaki, from 0.50- 
2.50 p.m. The time of commencement and the duration of the ash- 


precipitation at the different meteorological stations were as follows : 


Meteorological | Radial distance |'Time of commencement) Duration of ash- 


Station. =a of ash-precipitation. precipitation. 
h m h m 
Maebashi. 50 km. 10] 13° .2.m. 1 40 
Utsunomiya. 121 idle Wate - 50 
Otsu (Hitachi). 204. 0 50° p.m. 2 40 


Thus the precipitation of ashes at the different stations lasted 
from about 1 hour to about 24 hours, the amount being nowhere 
considerable. The velocity of transportation of the ashes between 
the above mentioned three places, which are situated on, or ap- 
proximately on, the axial line of the precipitation zone, is found 


to be, in the mean, about 16.4 m/s, or 59 km/hour as follows : 


Stations. Utsunomiya-Maebashi.| Otsu-Utsunomiya. 


Difference of the radial 


distances. 71 km. 83 kin. 
Difference of the times of 

commencement of the 74 min. 83 min. 

preoipitation. 


Transportation velocity. 16.0 m/s. 16.7 m/s. 
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This transportation velocity of the ashes is somewhat smaller 
than that in the case of the strong explosion of Dec. 7th, 1909, 
namely, the value of 22 m/s*, due probably to a comparatively 
small height of ascent of the smokes on the present occasion. If 
the rate of transportation of the ashes within the first 50 km of 
the radial distance had been the same as that for the distances 
of 50 to 200km, then the approximate time of commencement of 
the corresponding ash-ejection at the Asama-yama itself would 
be about 9.23 a.m. 

The sound area extended over the 13 provinces of Shinano, 
Kotsuke, Shimotsuke, Iwaki, Iwashiro, Hitachi, Musashi, Shimosa, 
Kazusa, Sagami, Izu, Suruga, and Totomi. Roughly it may be regard- 
ed as being made up of the following two parts: (i), A zone of 
circular are §,8,, with a mean internal radius of about 150 km, 
subtending an angle of about 156°, and extending from the coast 
of the province of Totomi on the SSW side to the vicinity of the 
city of Fukushima on the NE side; (ii), A district of an irregular 
triangle, 8,8,, diverging from the Asama-yama and the surround- 
ing tract to the E approximately. Apart from these general ash- 
precipitation and sound areas, the explosion effects were perceived 
at the neighbourhood of the lake of Suwa (Shinano). The 
province of Kai and the surrounding region, lying between the 
southern branch of the are §,8,, and the neighbourhood of the 
volcano, where no detonation was perceived, may be regarded as 
a zone of silence; the radius of the latter being not much different 
from the values of 120 to 150km for the strong Asama-yama 
explosions on Dec. 7th, 1909, and Dec. 2nd, 1910,+ and for the 


violent outburst of the Bandai-san in 1888. 
eS re eee ee eee 


* See the Bulletin, Vol. VI, No. 1. p. 69, 
+ The same volume, p. 76. 
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A special feature in the Asama-yama eruption of Dec. 14th, 
1912, is that the sound zone was not symmetrical to the ash- 
precipitation zone, which roughly coincided with the northern half 
of its 8,8, portion. This peculiarity might be due to the long 
duration of the eruption and the comparatively low height of 
ascent of the smokes. 

The approximate times, at which the detonation began to be 
heard at the different places, are collected in the following table, 
where (I) includes the districts belonging to the zone of circular 
are, namely, (1) Iwashiro and Iwaki, (ii) Hitachi, (ii) Shimosa, 
Kazusa, and Awa, (iv) Musashi (Kanagawa _ prefecture) and 
Sagami, and (v) Izu, Suraga, and Totomi; while (IT) includes the 
districts in the triangular area, namely, (vi) Kotsuke, (vii) Shimo- 
tsuke, and (vii) Musashi (Saitama prefecture). The (ii) and (iii) 
districts of the I group belong also to the II group. 


I Ah 
st eae hy 7 hm 
8 00am] (Musashi ( 8 00 am. 8 30 am. 800 am. 
Me: Aen: OO of ERP 9 40 8 50 9 00 
i | ‘and 4 8 30 Sagami | 10 00 9 00 10 00 
pees | 10800 9 00 .. Shimo- |10 00 
vil ‘tsuke 
10 20 7 00 915 10 00 
| 9 00 9 15 10 30 
9 00 940 |vi Kotsuke, 9 30 11 00 
ii Hitachi | 9 40 Inu, Suu.) 2 59 9 30 11 09 
10 30 “| ga, and¢ 9 55 9 30 
Totomi ( 
9 00~ UY mou Musashi G20 
__, (Shimosa, 10 00 9 30 viii (Saitama; 7 00 
hil fon pe 9 50 10 20 9 40 Pref )) 9 30 
; 11 00 11 00 9 45 


The time of commencement of the detonation was, for the 
places of Group I, mostly from 9.00 to 10.30 a.m. For Group II, 
it was in (vii) Shimotsuke nearly at 10 a.m., being a little later 
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than in (vi) Kotsuke, where the mean value was about 9.20 a.m., 
due evidently to the greater radial distance of the former. The 
time interval, during which the sounds were heard at the different 
places, varied generally from 1 to 2% hours. At the Mount 
Tsukuba Observatory, the principal sounds were heard at 9.09.40 ; 
10.18.30; and 11.16.30 am. The times of occurrence of the 
strongest detonation heard at the different places in the province 
of Kotsuke, were mostly from 9.15 to 9.30 a.m., giving the mean 
value of 9.24 a.m. 

The weathers on the 13th and 14th were as follows :-— 
[13th, 6a.m.] In the central part of the Main Island there 
was a high pressure area of 772mm, the rest of the island and 
Shikoku and Kyushu being enclosed in the isobar of 770mm. 
[13th, 2 p.m.] Whole of Japan was under the barometric pressure » 
of 768 to 772 mm, the isobars running parallel to the are formed 
by the different islands. [13th, 10 p-m.] The isobars were 
arranged similarly as before, with the difference that a small high 
pressure area of 772mm appeared over the provinces of Shinano 
and Hida. [14th, 6a.m.] The greater part of the Main Island 
and the NE portion of Shikoku were covered by a high pressure 
centre of 770mm, generally with clear or fair weather. At most 
of the stations there prevailed complete calm or high wind. On 
Mount Tsukuba there was at the time strong winds in the WSW'ly 
direction. [14th, 2 p.m.] The pressure was over J apan 764 to 768 
mm, and it became generally cloudy, a low pressure area of 
760mm having made its appearance over Lyukyu. 

The wind direction and velocity and the cloud amount 
observed at the different meteorological observatories at 10 a.m. 
and 2 p.m. on Dee. 14th are indicated in the following table. 
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TABLE II. WIND DIRECTION AND VELOCITY, AND CLOUD AMOUNT, 
AT 10 A.M. AND 2 P.M., ON DEC. 14TH, 1912. 


Mateneirercnl Wind Direction. | Wind Velocity. Cloud Amount. 
Observatory. eee lhe 
10 a.m. | 2p.m. | 10a.m.| 2 p.m. | 10a.m.| 2 p.m. 
Niigata. SE SE He Fea ay 9 
Fukushima. W E 0.5 0.7 2 9 
Utsunomiya. S SS) t 1.2 2 10 
Maebashi. NNW N 5.4 1.6 6 8 
Choshi. NNW ENE 2.1 4.0 5 10 
Kumagai. — — 0.2 0.2 0 7 
Tokyo. NW NNW 4.1 2.0 6 10 
Mito. NNW N 2.3 2.9 a 10 
Yokohama. N i 2.8 3.2 0 10 
Numazu. ESE | WNW 1.5 1.8 0 8 
Hamamatsu. NE SE Lf 1.2 1 5 
Kofu. SSW S 0.6 1.6 8 5 
Tida. — —= 0.0 0.4 9 10 
Matsumoto. NW WNW ey 1.2 10 10 
Nagano. N NW 1.3 0.5 8 10 


As will be seen from Table II, at 10 a.m., when the eruption 
was at its height, the wind velocity was at Niigata, Maebashi 
and Tokyo from 4.1 to 5.4 m/sec., being much smaller at the 
other neighbouring stations. The of wind was N, NW, 
or NNW at Nagano, Matsumoto, Maebashi, Tokyo, Yokohama, 


Mito, and Choshi, namely, within the region extending from the 


direction 


vicinity of the Asama-yama in an ESE direction to the Pacific 
coast; at other places it was irregular, being 8, SSW, SE, ESE, 
W, or NE. On the whole, at 10 a.m. the wind directions at the 


different places were, with the exception of Numazu, roughly in 
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the sense of the extension of the sound area. Again, at 10 a.m., 
it was clear or fair at the different places within the latter, with 
the exceptions of Tokyo, Maebashi, and Mito, where the cloud’ 
amount was from 6 to 9. At 2 p.m. on the 14th, the wind 
velocity at the different places within the sound area was under 
3.2 m/sec., the direction being in several instances not much 
different from that at 10 a.m. 

The direction and speed of the upper and middle height 
clouds on Dec. 14th, 1912, at 10 a.m., were as follows :—[Tokyo.] 
Lower clouds: direction W; speed=7. (There were no upper 
and middle height clouds.) [Nagano.] Upper clouds: direction 
SW; speed=1. [Mito.] Upper and middle height clouds: direc- 
tion W; speed=1. [Numazu.] Upper clouds: direction W; 
Speedie 

12. Strong Explosions in 1913. Of the sound areas of the 
I1 strong explosions in 1913, Nos. 2 to 12 (§ 10), that of (4) was 
the most remarkable and extensive, and consisted, as in the 6 
other cases of (7), (5), (3), (8), (6), and (11), each of two detach- 
ed portions, namely, (i) the eastern branch, which enclosed the 
Asama-yama, and, (ii), the western branch which was arranged 
along an arcual zone extending from the provinces of Izu, Suruga, 
Totomi, and Mikawa on the SW, to Kaga and Noto on the NW, 
at a mean distance of some 160 km from the voleano. With the 
explosions (10) and (9), the western branch was further separated 
into the SW. and N. parts. Again, in each of the cases of the 7 
explosions, (4), (7), (5), (8), (8), (6), and (10), there was a more 
or less distinct indication of the ash-precipitation zone, whose 
direction was toward the E, the NE, or the ESE. It was only in 
the two cases of (2) and (12) that the sound area consisted mere- 
ly of the eastern branch. In the following pages, I describe the 
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sound areas for the different cases in the order of Nos. 4, 7, 6, 5, 
Oy oon Let eee een he 

13. Explosion of June 17th, 1913, af 10. 47. 41 pan. The 
eastern branch of the sound area (Fig. 30) was roughly an irregular 
parallelogram, measuring 215 km in the EW and some 170 km in 
the NNE-SSW direction, whose major diagonal stretched from the 
locality between the lake of Suwa and the town of Iida in the 
province of Shinano to the northern part of Hitachi, and whose 
minor diagonal from the SE part of Echigo to the head of the 
Tokyo Bay ; the approximate distances of its 4 corners from the 


Asama-yama being as follows : 


SW from Asama-yama............ 100 km. 
NNE a (ol yi Saas 95 
ENE Te 190 
ESE pee OA 308 280 >, 155 


The ash-precipitation zone was a narrow band about 15 km 
in width and 150 km in length, which came into existence first at 
45km from the origin of disturbance and extended eastwards from 
the SE part of Kotsuke to the Pacific coast at the vicinity of the 
city of Mito in the province of Hitachi. At Maebashi, the deto- 
nation was heard at 9.50 p.m., while the smoke cloud arrived at 
the zenith 22 minutes later, or at 10. 12 p.m., unattended by 
the precipitation of ashes. 

The western branch of the sound area, which extended from 
the Pacific to the Japan sea coast, was of an irregular lunar form 
stretching from Suruga, Totomi, Mikawa, and Owari, on the south, 
to Echizen, Kaga, and Noto, on the north-west, and surrounding 
a small tract composed of parts of Mino, Omi, and Ise, where the 
detonation was not perceived. Its distances from the Asama-yama 


are as follows :— 
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Furthest distance (outerside) .......... 275 km. 
Nearest distance (innerside) .......... 135 
Northern extremity ........ RR ee ares 165 
South-western extremity .............. 190 


The areas of the two branches were nearly equal to each other. 
Meteorological Condition. At 10 p.m. on the 17th, there existed 
a high barometric area of 760mm to the S of the Bonin Islands, 
at a distance of 1100km off the coast of Japan; while the 
central and northern parts of the latter was covered by a pressure 
ranging from 747 to 750mm, mostly under northerly or westerly 
winds, due to the presence of a small centre of low pressure of 
746 mm off the SE coast of Hokkaido, and of another also of 746 
mm at the SE extremity of the Main Island. In Table III, are 
given the wind direction and speed, air temperature, and cloud 
amount, for 10 p.m. on the 17th, at the different meteorological 
stations, divided into two groups, I and II, or those respectively 
in or near the eastern and the western branches of the sound area. 


TABLE III. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT, AT 10 P.M., ON JUNE 17TH, 1913. 


Croan] Melglosiol [Wind Disctin aad] Ate |cioud Amon 
Fukushima. NW 4.8 19.°3 C 10 
Utsunomiya. ESE 1.8 21.4 10 
Mito. ENE 2.1 17.7 10 
Niigata. W 6.5 16.8 10 
Maebashi. WNW 1.3 20.8 10 
Choshi. NNE 1.8 19.5 10 

I | Kumagai. N 6.1 21.2 10 


Tokyo. NW 1.8 21.1 10 
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Yokohama. N 3.1 22.4. 10 
Kofu. WNW 0.9 23.9 10 
Nagano. N 1.2 16.6 10 
Matsumoto. S 0.6 1 eg Y) 
Tida. N 2.6 Li 10 
Numazu. SSW 4.7 Pad 10 
Hamamatsu. W oye 20.5 10 
Gifu. WNW 2.8 19.1 10 
Fushiki. W 0.8 17.3 10 
Nagoya. WNW 8.8 19.4 10 
US NWaiaae. NNW 1.0 18.4 10 
Fukui. — 0.0 17.7 10 
Kanazawa. Sw 3.3 17.5 10 
Takayama. a 0.3 16.8 10 
Tsu. SW 3.1 (19.1 10 


According to Table III, the sky was at 10 p.m. completely 
cloudy over Central Japan almost everywhere ; the air temperature 
at the different places varying between 16°.8 and 23°.9 C, with 
the mean of 19°.3 C. The wind velocity attained the highest 
values of 8.8 and 7.3 m/s respectively at Nagoya and Maebashi, 
while it was less than 6.5 m/s at all the remaining places. With 
regards to the group I stations, the wind directions at Fukushima, 
Niigata, Maebashi, Kumagai, Yokohama, and Iida, where the 
velocity had the higher values of 2.6 to 7.3 m/s, were N, W, 
NW, or WNW;; at Mito and Utsunomiya, which were situated 
on or near the ash-precipitation zone, the winds had the velocity 
of 2.1 to 1.3 m/s in the contrary or eastern directions, namely, 
towards ENE and ESE respectively. In the case of the group 
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II stations the winds were uniformly in westerly directions, name- 
ly, W, WNW, NNW, SW, or SSW. 

14. Eaplosion of June 26th, 1913, at 11. 41. 59 pam. The 
sound area (Fig. 34) in this case was smaller in extension than, 
but similar to, that in the preceding one. The eastern branch 
was of an elliptic form, with the major and minor diameters 
respectively of 126 and 82km, and included nearly the whole of 
Kotsuke, a small portion of Shinano at its NE boundary, and the 
SE corner of Echigo. The greatest radial distance of the direct 
sound propagation was only 96km, toward the NE from the 
Asama-yama. There was a very slight precipitation of ashes in 
Maebashi, at 0" 56" a.m. on the 27th, the detonation having been 
perceived there 1° 12™ before or at 11> 44" p.m. on the 26th. 
The western branch was approximately a flat triangle in form, with 
the apex at Hikone on the eastern shore of the lake of Biwa, and 
with the base stretching from the city of Kanazawa on the Japan 
Sea. coast to the neighbourhood of the town of Hamamatsu on 
the Pacific; the distances of the three corners of the area from 


the voleano being as follows :— 


Furthest distance (W. corner)........... 245 km. 
Nearest 3 (Hsia leer. ot Yes, 433 
NNW. extremity. 23 0 eee ae 174 
SE 90 1,1, uli Sie cde epee en anata Se 200 


Meteorological Condition. The approximate meteorological 
conditions at the time of the explosion may be learned from the 
10 p.m. values of the wind direction and velocity, air temperature 
and cloud amount given in Table IV. The air temperature at the 
different places varied from 15°.0 to 22°.2 C, with the mean of 
19°C. Unlike the preceding case, the sky was clear at several 
of the stations within the western branch of the sound area. The 
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wind velocity was everywhere low, the highest values of 4.0 to 
5.6m/s having been observed at Maebashi, Tokyo, Nagoya, and 
Choshi. 
the places in or near the western branch were westerly, i.e. of W, 


The winds at Maebashi, as well as at the majority of 


WNW, or NW direction; while in all the space lying to its east 
and around the eastern elliptical area, the winds were easterly, 
ie. of NE, NNE, N, ENE, or ESE direction. 


TABLE IV. WIND DIRECTION AND VELOCITY, AIR THMPERATURE, AND 
CLOUD AMOUNT AT6A.M.,10A.M., AND 10 P.M. ON JUNE 26TH, 1913. 


Wind Direction and 


ibe. Meteorological Velocity (m/s). Air Temperature, C°,| Cloud Amount. 
Station. 
6 a.m 10 a.m 10 p.m 6 a.m. |10 a.m.|10 p.m.]| 6 a.m. | 10 a.m. | 10 p.m. 

Fukushima. |ssg— 11/NW 47/SE 1.0! 168] 232] 162| 7 0 
Utsunomiya. |— 02! S 59/NNE 12} 19.9 | 25.5 | 189 10 
Mito. NW 13/ENE 3.7|NNE 3.3} 18.6 | 24.8] 184] 10 45 10 
Niigata. NW 25|/NNE 6.1) NE 14] 162] 182] 15.0] 10 | 10 0 
Maebashi. NW 54/WNW 1.7/SW 4.0] 19.1] 27.2] 196] 1 a |, 10 
Choshi. ENE 2.9|NNE 5.8/ESE 5.6] 21.3 | 23.2} 21.3 3 8 

I | Kumagai. WNW 1.9| SSE 1.7/NE 0.5} 19.0] 26.7] 196] 2 4 | 10 
Tokyo. SSE 16| SE 3.0/ENE 4.1] 20.2] 263] 22.2 6 | 10 
Yokohama. N 3.0| NE 2.9|NE. 3.3] 21.6 | 24.6 | 22.0] 10 0 0 
Kofu. = Ole Ww 812) W 0.7] 182) 26.2) 20.6}. 10 2 2 
Nagano. SE SOSENE 4.3) — ~ 0.91 17.1} 23.0] 16.7 | 1 ee 
Matsumoto. SWS 0.3 N § 2.9)°15,0) 21.0) 168) “3 
lida. E 17)SW 62\NE 18).162| 247| 183] 1 
Numazu. ENE 29| W  5.2/ENE 0.7] 184] 24.6] 20.8 
Hamamatsu. {WNW 34) W 62) W- 2.8] 21.0] 25.8] 22.1 
Gifu. — O0.3;WNW 5.3/WNW 1.4] 18.8] 23.3] 19.8 7 
Fushiki. We 28 93.3 NNE. 29) 17.8.| 19.2 |. 17.3 |'10° {10° | 10 

I Nagoya. NNW 0.6/WNW 4.9} NW 4.1] 19.2 | 26.0] 21.2] 10 6 
Hikone. — 03) W 25/NNE 1.7] 184] 22.0] 19.2 10 
Fukui. S O9NE 12) W 1.1} 186] 20.6] 17.6 10 
Kanazawa. NNW 241WNW 26/ENE 2.5} 17.6] 20.8 | 17.4] 10 6 5 
Takayama. SE 12INW 32) E 14] 14.7| 222] 154| 10 9 | 10 
Tsu. 5.7 | 211| 9 6 0 


WSW 4.7| W  4.9/;WNW 3.9 
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15. Ezaplosion of June 26th. 1913, at 8. 09. 40 a.m. The 
eastern branch of the sound area (Fig. 32) was small, and inelud- 
ed the province of Kotsuke, and small portions of Shinano and 
Echigo, the greatest distance of the direct propagation being about 
75km toward the E and NNE. The ash-precipitation zone 
extended eastwards for a distance of about 75km. The western 
branch was a narrow are zone, about 173 km in length, extend- 
ing from the northern part of Mikawa to the northern part of 
Owari and the western half of Mino, its distances from the Asama- 
yama being as follows :— 

Niend nk pene ere 155 km.  W, or convex, side,...... 212 km. 

SH sent J s..b.; kee 165 E, or concave, ,, ...... 170 

Meteorological Condition. | Assuming the meteorological states 
at the time of the explosion to be represented by the means of 
those at 6 and 10 a.m. on the 26th, we see that the sky was 
more cloudy on the Japan sea coast than on the Pacific; the air 
temperature varying from 17°.2 to 23°.4 C, with the mean of 
21°.0 C. The winds, whose mean velocity was everywhere less 
than 4.8 m/s, were of westerly directions in the region to the 
west of the line joining the two peninsulas of Izu and Noto, and 
including the western branch of the sound area. In the provinces 
to the east of the above-mentioned line, the wind direction was 
more or less easterly, with the exception of that at Maebashi, 
which was westerly and identical with the extension of the 
ash-precipitation zone. 

16. Exzplosion of June 20th, 1913, at 4. 06.47 am. The 
eastern branch of the sound area (Fig. 31) included the greater 
portion of Kotsuke and small boundary tracts of the adjacent 
provinces of Shinano, Musashi, Shimosa, and Echigo; the greatest 
distance of the radial propagation being 130km toward ESE. 
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The ash-precipitation zone, about 92km in length and 15 km in 
maximum width, extended also in the same direction. At Maebashi 
the detonation was heard at 4.08 a.m., while the smoke cloud 
reached the zenith at 4.26 a.m.; there being, however, no precipi- 
tation of ashes. At Kumagai, the detonation was heard at about 
4,30 a.m., the ashes beginning to fall already before 6 a.m. The 
western branch, which was roughly of a rectangular form, about 
230 km in length and 74km in maximum width, extended from 
the N part of Owari on the south, in the direction of N slightly 
W, to Kaga and Noto on the north; the extreme distances from 


the Asama-yama being as follows :— 


W, or outer, side... .188 km. IN OLE 26 eee ae 185 km. 
EK, or inner side... .138 Senden =... seen 225 


Meteorological Condition. Assuming the meteorological states 
at the time of the explosion, namely, at 4.06 a.m., to be represent- 
ed by the averages of those at 2 and 6 a.m. given in Table V, 
we see that the air temperature varied between 13°.3 and 20°.1 
C, with the mean of 18°.1 C; the sky being, with a few excep- 
tions, fair or clear. At Maebashi and Kumagai, the winds which 
had the velocities of about 6.7 and 4.3 m/s were respectively in 
the NNW and WNW directions, these latter coinciding approximate- 
ly with the extensions of the ash-precipitation zone. At all the 
other stations, with the exceptions of Numazu, Nagano, and Fukui, 
where the velocity was low, the wind directions were W, WSW, 
WNW, NNW, SSW, N, or 8S. Again, taking the cases of Niigata, 
Maebashi, Kumagai, Matsumoto, Kanazawa, Hamamatsu, and Tsu, 
in which the velocity were comparatively high, namely, from 3.6 
to 10.5 m/s, the wind directions were W, WSW, SW, WNW, or 


NW, giving W for the average. 
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TABLE V. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT AT 2 AND 6 A.M. ON JUNE 20TH, 1913. 


Wind Direction and Air Cloud 

Group. Meteorological Velocity (m/s). Temperature. Amount. 

Station. ae SY LE ee 

2 a.m. 6 am. | 2 a.m./6a.m. | 2a.m.|6 a.m. 
Utsunomiya. — o288w 3.1] 17-4C] 19:7c] 10 0 
Mito. W 1.6) W 2.0] 18.7 -| 18.9 5 0 
Niigata. WSW 10.8) W- 10.1) 17.0 | 17.2 9 2 
Maebashi. N GU NW Ss i8 a lee i 0 
Choshi. SW 5.0) N 3.4) 19.2 | 18.7 OM al 
I Kumagai. NW 2.6} W 6.0] 19.2 | 19.6 4 0 
Tokyo. Sw 16)NW _ 1.6] 17.6 | 18.8 0 0 
Yokohama. SW 2.3;NW 1.2) 18.6 | 19.4 0 0 
Kofu. S OS 0.5] 16.2 | 16.8 1 1 
Nagano. SE 0.9) E 0.9] 16.9 | 16.2 | 10 0 
Matsumoto. SW 80 SW 17 17.9 | 14.8 10 il 
lida. — 0.2} — 0.4] 14.5 | 18.5 0 0 
Numazu. E 2.7; ENE 1.9] 18.9 | 19.0 1 0 
Hamamatsu. W 2.0) W 5.1) 19.4 | 20.7 0 ) 
Gifu. N 0.9) N Lee 3. On Lica 1 0 
Fushiki. SW 4.31 W Ve 10.0.5) aL OL 9 0 
I Nagoya. N 1.5)NW 1.7] 18.5 | 18.8 10 0 
Hikone. — O.4INNW 1.6] 17.0 | 19.6 2 ) 
Fukui. ENE 1.5) — 0.2) 19.4 | 18.3 10 10 
Kanazawa. SSW 4.7;WSW_ 2.4) 18.6 | 18.2 9 ri 
Takayama. W 0.9} — 0.2) 13.7 | 12.9 10 10 
Tsu. W 1:3) NW pes .2i1021L. |°20,2 Ki 0 

17. Eaplosion of May 29th, 1913, at 10. 44. 12 a.m. The 


eastern branch of the sound area (Fig. 33) was an irregular 
ellipse extending for a distance of 186 km from the NE corner of 
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Shinano, through Kotsuke, to the NE part of Musashi. The 
extreme distances of the direct propagation was 138 km to the 
SSE, and about 50km to the NNE and NW from the Asama- 
yama. The ash-precipitation was reported from 3 places as 
follows :—(1), Naganohara, slight; (2), Jonai-mura and_ vicinity, 
near the town of Itsukamachi in M. Uwonuma county (Echigo), 
from 11 a.m. to the afternoon; (3), Hirose-mura, in K. Uwonuma 
county (same province), between 3 and 4 p.m. The dotted line 
in Fig. 33, connecting these 3 places with the volcano, indicates 
the course of the ash-precipitation zone, which extended about 105 
km towards the NNE. The western branch of the sound area 
stretched from the province of Mino toward the SE over a 
distance of about 190km to the Cape Omaezaki (Totomi) and 
the SW part of the province of Suruga, evidently with some 
further extension over the Pacific ; the extreme distances from the 


voleano being as follows :— 


tlh TERT CNS | ee a rr 160 km. 
IN Viner PAL Ss. Ye are 230 
Capen Omage 7a igs Mh Lo. ee ek ss 202 


Meteorological Conditions. At 10 a.m. on the 29th, the air 
temperature varied from 16.°2 to 22.°9 C, with the mean of 20.°0 
C; the sky being entirely overcast almost at all the different 
places in central Japan. The winds, whose velocity was every- 
where very low and less than 4.7 m/s, were various in direction. 
(See Table VI). 
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TABLE VI. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT, AT 10 A.M. ON MAY 29th, 1913. 


Meteorological Wind Direction Air 
Station. and Velocity (m/s).| Temperature. 


Cloud Amount. 


Fukushima. 2.2 20.7 C 10 
Utsunomiya. He 7, 21.3 9 
Mito. : 1.1 22.9 10 
Niigata. 1.8 20.6 10 
Maebashi. V1 21.8 10 
Choshi. 3.0 20.7 10 
Kumagai. 0.7 22.0 10 
Tokyo. 2.0 22.3 10 
Yokohama. 4.7 20.5 10 
Kofu. 0.2 21.2 10 
Nagano. 1.2 19.4 10 
Matsumoto. 2.2 16.6 10 
Tida. 1.5 16.2 10 


Numazu. 2.8 21.9 10 
Hamamatsu. 20.4. 10 
Gifu. 0.7 19.6 10 
Fushiki. eT. S170 10 
Nagoya. 2.8 21.2 10 
Hikone. 0.9 17.2 10 
Fukui. : 20.7 9 
Kanazawa. 1.1 19:8 10 
Takayama. 16.5 10 
Tsu. 2.2 20.4 10 


18. Explosion of July 13th, 1913, at 4. 01. 19 pm. The 
eastern branch of the sound area (Fig. 36) was a small ellipse of 


the major and minor diameters respectively of 53 and 40 km, with 
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the Asama-yama nearly at the centre. The ashes were carried 
about 20 km to the NE, slight precipitation having taken place at 
Wakasare Cottage and at the town of Naganohara. The western 
branch area was in the present case much greater than the above 
mentioned, and included the three provinces of Totomi, Mikawa, 
and Owari, and parts of Suruga, Mino, Omi, and Ise, forming an 
are extending in the EW direction for the length of about 220 km. 


The extreme distances of its different points from the voleano are 


as follows :— 
Wy GNU o Ade od oben oe re 250 km. 
Ue cade «ae al 120 
OMI 28 ee Es oR ee 270 
DOI COU UGX MSLIG 0. hy. oo class ss» wule sda « 240 
PNmeG CONCAVE ISIE) 0 ta). ce. 5 eens ve 165 


The detonation was also perceived in the city of Kanazawa at the 
radial distance of 169 km to the W slightly N. 

Meteorological Condition. Assuming the meteorological states 
at the time of the explosion to be represented by the means of 
those at 2 and 6 p.m. given in Table VII, we see that the air 
temperature varied between 21.°3 and 27.°8 C, with the mean value 
of 26.°9 C; the sky being generally cloudy at the stations of Group 
I, but fair at several of Group Il. The winds, whose velocity was 
from 2.2 to 5.6 m/s, were of E, S, or south-easterly directions in 
the region lying to the E and SE of the Asama-yama, but were 
mostly of W or north-westerly directions at the places within the 
western branch area as well as in the provinces situated to its EK 
and N. 
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TABLE VII. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT, AT 2 AND 6 P.M. ON JULY 13TH, 1913. 


Wind Direction and Air ~ Cloud 
Group. Meteorological Velocity (m/s). Temperature. Amount. 
Station. SO | | A 
2 p.m. 6 p.m. |/2 p.m.|6 p.m.] 2 p.m.|6 p.m. 

Fukushima. NE 5.6/ENE 5.3] 301°] 244¢) 3 | 10 
Utsunomiya. S 3.5} S 2.6) 27.9 | 27.1 7 7 
Mito. E 3.1/ESE 3.5] 26.9 | 23.5 | 10 | 10 
Niigata. N 6.1), N 2.5] 22.4 | 22.6 8 fy 
Maebashi. ESE 64/ENE 5.8] 28.3 | 26.5 4 10 
Choshi. SSE 3.5/SSE — 3.6] 26.1 | 23.5 10 10 

I Kumagai. SE 3.2, SE 4.8] 29.2 | 27.3 8 10 
Tokyo. SH i yo.ofaes 4.1] 28.5 | 25.4 10 10 
Yokohama. SSE 3.2; SW 5.4] 28.7 | 25.1 10 10 
Kofu. SW 20SSW 7.4] 32.5 | 26.6 | 8 | 10 
Nagano. eR TES tay) Me) 4.3) 80.9 | 24.1 5) 10 
Matsumoto. WNW 2.2} SW 3.4) 28.7 | 27.1 8 9 
Tida. Ss 0.9) NE 3.41 30.7 | 26.1 4 9 
Numazu. W 6.0WNW 5.1} 27.5 | 25.1 OGD aatd 
Hamamatsu. |WSW 4.2) SW 1.7] 28.8 | 27.6 9 10 
Gitu. W 2.3) S ATi Ble2 | 28.3 2 4 
Fushiki. ENE <3'8) N 2.1) 21.2 | 21.3 8 5 

i Nagoya. SSW 4.2) S 5.41 30.4 | 28.2 0 9 
Hikone. NNW 3.41 N 1.9] 27.1 | 26.8 a 4 
Fukui. N 5.1|/NW 42) 96.7 | 25.3 | 4 3 
Kanazawa. SSwW 4.1); NW 4.7] 26.8 | 25.0 7 6 
Takayama. S 4.9) N 2.9) 29.1 | 25.1 9 10 
Tsu. ESE 42) S 5.9) 28.5 | 27.5 if 7 


19. Explosion of Sept. 21st, 1913, at 1. 50. 59 pan. The 
eastern branch of the sound area (Fig. 35) included Kotsuke and 


The Eruptions and Earthquakes of the Asama-yama. ‘IV. AT 


small boundary portions of the two ajacent provinces of Shinano 
and Musashi; the greatest radial distances being 126 and 90 km 
respectively to the ESE and ENE. There was no report on the 
precipitation ‘of ashes. The western branch consisted of the 
northern and the southern portions; the former being in this case 
reduced simply to the vicinity of the city of Kanazawa. The 
southern division was of an elliptic form, extending over a distance 
of 113 km in the W-E direction from the eastern border of the 
lake of Biwa to the NW part of Mikawa. The extreme distances 
of the different points of the western branch area from the Asama- 


yama are as follows :— 


N division (vicinity of Kanazawa) ...... 175 km. 
WeeremCIe( SA CIVISION) ap. -.seceeecassss 250 
eUON(eCiViSlOl) 2... Ph... ses oa eee 165 


Meteorological Condition. At 2 p.m., the barometric pressure was 
highest (762mm) over North China, thence decreasing eastwards, 
to 758-754 mm over the Main Island, at whose SE corner, name- 
ly, over the Izu peninsula, there existed a small depression centre 
of 752mm. The wind was generally W’ly or NW’ly, except at 
the vicinity of Choshi, where it was E’ly or NE’ly. The wind 
velocity was highest at Choshi (NE, 12 m/s), Hamamatsu (W, 7.7 
m/s), Niigata (NNW, 7.6 m/s), and Kofu (NW, 7.1 m/s). The air 
temperature varied from 16°.8 to 28°.8 C, with the average of 
21°.1 C. The sky was cloudy or rainy over the greater part of 
Japan. 
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TAELE VIII. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT, ON SEPT. 21ST, 1913, AT 2 P.M. 


Meteorologi- ener Tae Cloud || Meteorologi- Divection i: | Cloud 

cal Station. _and ature. |Amount|| C2! Station. and ae 2 ‘Ame 
Velocity C. Velocity Cc. 7 

GIy _ (m/s). (II). (m/s). 

Fukushima. [ESE 1.5 20.8 | 10 ||Numazu. SSE 3.7 28.8 

Utsunomiya. [ESE 1.8) 18.1} 10 | Hamamatsu. We Tear 

Mito. ENE 2.9) 16.8 | 10 |Gifu. N. (O70 2250s 

Niigata. NNW 7.6} 19.0 | 10 | Fushiki. WNW2.4| 20.7 | 10 

Maebashi. g 49] 20.8) 10. [Nagoya. WNW5.6| 22.9 | 10 

Choshi. NE 12.0} 18.9 | 10 | Hikone. NW’ 3:3)62100) gat0 

Kumagai. E ..0.7| 19.1) 10 Fak. NNW 3.2} 21.8; 10 

Tokyo. NNE 4.3] 17.7 | 10 | Kanazawa. NW 2.8} 20.7 | 10 

Yokohama. N 5.71 19.0| 10 |Takayama. |NNE 1.8) 18.1] 10 

Kofu. NW 7.1) 26.9] 10 |Tsu. NNW 6.1) 23.4 | 10 

Nagano. a Qe Lo. ee 

Matsumoto. dees ley’ hs a pe 8 

Tida. Nor 2:3) 822.0)) 0 


20. Explosion of Aug. 12th, 1918, aé 11. 20. 33. p.m. The 


eastern branch of the sound area (Fig. 37) was somewhat rect- 
angular in form, whose two sides were about 150 and 200 km in 
length, with the mutual distance of 75 km, running in the WNW- 
ESE direction from the NE part of Shinano, through Kotsuke, to 
Musashi and the SW corner of Shimotsuke. . This explosion was 
the only instance among the numerous Asama-yama explosions, in 
which the direct western propagation of the detonation reached to 
the locality some miles NW of the city of Matsumoto; with the 
exception of the outburst of May 31st, 1909, in which, however, 
the sound area was nearly a circle with the voleano for centre. 


The extreme radial distances were as follows :— 
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Wh) GOINOE- Prices tne ays 62 km. Ey cormmerey,4 3da ie. 118 km. 

NW pe ee tea ces tens 40 SSCP nal coreg ee oe 150 

The ash-precipitation zone extended, with the maximum width 
of 17 km, toward the E slightly 8, through a distance of 148 km, 
to Mount Tsukuba. At Maebashi, the detonation was heard for 
about 1 min. from 11" 23" p.m., and the ashes fell there on the 
next day from 0°28™ till 1°20" a.m., a rain precipitation having 
thereafter taken place. The amount of the ashes collected on a 
piece of paper, 80x56cm in area, was 22 grams. On Mount 
Tsukuba the ashes continued to fall from 10 (?) p.m. on the 14th 
till 6 a.m. on the next morning. 

The western branch of the sound area was composed of the 
northern and southern portions, mutually separated at the boundary 
region of Echizen, Omi, and Mino. The northern division stretch- 
ed along the Japan sea side, through a distance of about 195 
km, including the province of Kaga and parts of Noto and 
Kehizen. The southern division was extensive and stretched in 
the EW direction for a length of 285 km from the vicinity of 
Lake Biwa on the W to the Bay of Sagami on the E, including 
the provinces of Owari and Mikawa, and parts of Omi, Ise, Mino, 
Totomi, Suruga, and Izu. The distances from the Asama-yama 
were as follows :— 

N end (N division)....187 km. W end (S division)... .270 km. 

hese etapa : aoU Bis 3c es 

Meteorological Condition. According to the weather map for 
10 p.m. on the 12th, the atmospheric pressure was high (758 mm) 
in the vicinity of the Bonin Islands and low (748 mm) in Kara- 
futo. The barometric gradient over Japan was very gentle, the 
pressure varying only between 750 and 754mm. The air temper- 
ature was, in Central Japan, from 19°.6 to 28°.4 C, with the 
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average of 25°.2 C, while the sky was entirely overcast, with the 
exception of the cases of Tokyo, Yokohama, and Numazu. (See 
Table IX.) The wind velocity was greatest, namely, 6.9 to 8.2 
m/s, at Numazu, Tsu, and Nagoya. In the eastern and western 
branches of the sound area, as well as in the space between 
them, the wind direction was in the main westerly or southerly ; 
while in the region adjacent on the NE side, it was more or less 


westerly. 


TABLE IX. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT, AT 10 P.M. ON AUG. 12TH, 1913. 


Cutis Meteorological Wind Direction Air Cigad Aseuene 
Station. and Velocity (m/s).| Temperature. 

Fukushima. ENE 0.7 23.7 10 
Utsunomiya. NNE 3.5 24.1 10 
Mito. NNE 2.1 27.7 10 
Niigata. SE 2.2 22.8 10 
Maebashi. NNW 3.8 25.8 10 
Choshi. SE 4.3 26.4 9 

I Kumagai. W 2.5 19:6 10 
Tokyo. S 3.9 28.4 6 
Yokohama. SSW 2.2 26.8 2 
Kofu. SW 1.8 25.9 
Nagano. — 0.0 22.3 10 
Matsumoto. S 0.7 22.8 10 
Tida. WNW 2.2 25.4 10 
Numazu. SW 6.9 27.0 7 
Hamamatsu. W 1.3 27.6 10 
Gifu. W 2.7 27.5 10 


Fushiki. S 4.5 25.6 10 
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Group. ae rological Nepean 2B isso akan aa _. | Cloud Amount. 
Station. and Velocity (m/s).| Temperature. 
II | Nagoya. ayy 8.2 25.3 10 
Hikone. SE 2.0 24.7 10 
Fukui. S 0.8 25.8 10 
Kanazawa. SSW 4.2 24.7 10 
Takayama. E 1.2 22.5 10 
Tsu. N 7.6 25.6 10 


21. Explosion of July 19th, 1913, at 0. 54. 03 pm. The 


sound area (Fig. 38) was similar to, but a little smaller than, 
that of the preceding case. The eastern branch was elliptic in 
form, of the major and minor diameters respectively 110 and 63 
km in length; the greatest radius being 64 km directed toward 
the ESE. <A slight ash-precipitation was reported from the town 
of Shimonita at a distance of 31km to the SE of the volcano. 
The western branch consisted of the northern and southern portions 
mutually separated by the boundary districts of Echizen, Omi, 
and Mino. The northern division included the coast of Kaga and. 
the S. half of Noto, extending for the length of 132 km in the 
SW-NE direction. The southern division was larger in extension, 
stretching in the form of a _ butterfly with wings spread out, 
through a distance of 210km and in the WNW-ESE direction 
from the W. part of Omi to the boundary between the two 
provinces of Totomi and Suruga; this being, so far, one of the 
two cases in which the Asama-yama detonation was heard on the 
W side of the Lake of Biwa. (See also Fig. 30.) The distances 
of the western branch area from the voleano were as follows :— 


N end (N division). ...190 km. W end (S division)....267 km. 
eer ul! " eared fea ae ee Le 
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Meteorological Condition. According to the weather map for 
2 p.m. on the 19th, there existed an atmospheric depression of 
740 mm at the N. part of Formosa, while an anticyclone of 762 
mm was found to the NE of Hokkaido; the central part of the 
Main Island being under the pressure of 756mm. ‘The air 
temperature varied from 21°.1 to 32°.8 C, with the mean of 27°.9 
C, the sky being mostly cloudy. (See Table X.) The wind 
velocity was over 5m/s at several of the places, the maximum 
values being 9.3 and 8.6m/s respectively at Fukushima and 
Choshi. The wind direction was more or less easterly in the tract 
lying to the E and NE of the line connecting the Asama-yama 
with Nagano and Izu peninsula, while to the W of the latter it 
was at several places more or less westerly. Again, the wind 
was northerly along the Japan sea coast, while it was southerly 


on the Pacific coast. 


TABLE X. WIND DIRECTION AND VELOCITY, AIR THMPERATURE, 
AND CLOUD AMOUNT, AT 2 P.M. ON JULY 19TH, 1913. 


Meteorological | Wind Direction Air 


Soup Station. and Velocity (m/s).| Temperature. PGND Si un 
Fukushima. NE eS 26.6 C i¢ 
Utsunomiya. S 3.2 24.9 7 
Mito. ENE 5.0 23.3 5 
Niigata. N 5.7 28.6 9 
Maebashi. ESE 3.9 26.7 10 
Choshi. SSE 8.6 Dale 10 

I Kumagai. ESE 5.8 27.6 10 
Tokyo. ENE 4.3 25.8 10 
Yokohama. NE 3.0 24.6 10 
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a 


eee rete re aH Walootty fea). aes hominis Satara 
Nagano. SE Te 30.7 © 3 
Matsumoto. N 1.2 29.0 2 
lida. W 4] 30.5 7 
Numazu. S 2.9 28.9 10 
Hamamatsu. SW 3.4 29.4. (i 
Gifu. SW 0.9 29.0 10 
Fushiki. N 3.9 26.2 2 
W Nagoya. SSW 5.0 27.9 10 
Hikone. ENE 2.9 29.0 10 
Fukui. N 2.8 30.9 9 
Kanazawa. NW 3.6 30.1 7 
Takayama. S 1.9 29.5 9 
Tsu. EK 5.7 28.6 6 


22. Explosion of May 16th, 1913, at 4. 41. 00 pam. The 
sound area (Fig. 40) was an oval extending for a length of 140 
km in the NW-SE direction, from the boundary tracts of Kotsuke 
and Shinano to the central part of Musashi; the greatest radial 
distance of 113 km being directed toward the SE. There was no 
western branch. 

Meteorological Condition. Assuming the state of weather at 
the time of the explosion to be represented by the means of those 
at 2 and 6 p.m. given in Table XI, we see that the air temper- 
ature varied between 6°.7 and 16°.0 C, with the mean of 11°.8 C; 
the sky being generally overcast. The wind, whose velocity was 
generally high and above 10m/s at a few places, was in the 
region to the W of the line joining the Asama-yama with the 


head of the Tokyo Bay, mostly westerly or northerly, such that 
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On the other 


hand, at the places lying to the NE of the above-mentioned 


the average direction may be taken to be NW. 


boundary, the wind direction was northerly or easterly. 


TABLE XI. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT AT 2 AND 6 P.M. ON MAY 16TH, 1913. 


; | Wind Direction and Air Cloud 
Gene a Velocity (m/s). Temperature. Amount. 
Station. es SS 
2 p.m. 6 p.m. | 2 p.m.|6 p.m.| 2 p.m.|6 p.m. 

Fukushima. NE 49|/ENE 3.5 7.0C| 64C] 10 10 
Utsunomiya. NE 42) NE 7.1} °9.0 ia 10 10 
Mito. N 45\INNW 86] 9.2 8.2 10 10 
Niigata. NE 427{NNE 1.5) 12:1) is 10 10 
Maebashi. S 1.9/;WSW 2.9} 12.0 | 11.1 10 10 
Choshi. Ni 4a NN. | 15.2:)-12.8 7) 10%) 10 10 

T | Kumagai. WNW 3.4| — 0.2] 10.9 | 11.4 10 10 
Tokyo. NW 5.2|INNW_ 7.0] 10.0 9.4. 10 10 
Yokohama. NNW 5.3) N_ 6.5} 10.6 | 11.2 10 10 
Kofu. SSE 0.7; NW 3.6] 13.4 | 12.8 8 8 
Nagano. ie oneal! 2.4}) 10.5 9.0 10 10 
Matsumoto. NNE 1931) N 3.9] 12.8 8.8 10 10 
Tida. SE 1.3] NE 2.5] 15.6 | 12.6 5 6 
Numazu. Siig oc asokie 2.54 13.9 Talo 10 10 
Hamamatsu. OW 60-01 15.49) 166 10 10 
Gifu. 3.7 INNW 6.9] 15.5 | 14.0 10 3 
Fushiki. N 5.4| NW 2.6} 11.4 | 10.0 10 10 
Nagoya. SW  3.1/WNW 10.8] 16.6 | 14.4 10 3 

IT | Hikone. NNW 6.1|/ NW 7.9] 134 | 125 |} 10 | 10 
Fukui. NNW 5.0|NNW 4.3] 12.9 | 10.8 10 10 
Kanazawa. NE 3.9|NNE 4.3] 11.5 9.8 10 10 
Takayama. N 1) 442 )01NW 96.3 tL Lt 9.2 10 10 
Tsu. 94|NW 117] 166 |133 | 10 | 1 


Fig. 29. Sound Area and Ash-Precipitation Zone of the 
Asama-yama Eruption of Dee. 14th, 1912, at 9.23 a.m. 


Sound Area is shaded red (thin), 


Ash-precipitation Zone is shaded red (deep). 


Places where Detonation was perceived are indicated by red dots. 
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Fig. 80. Sound Area and Ash-Precipitation Zone of the 
Asama-yama Explosion of June 17th, 1918, at 10. 47. 41 p.m. 


Sound Area is shaded red (thin), Ash-precipitation Zone is shaded red (deep). 


Places where Detonation was perceived are indicated by red dots. 


eos a ae Boundary of Provinces. 


Jest 


Sound Area and Ash-Precipitation Zone of -Asama-yama Explosions. 


Sound Area 1s shaded red (thin), Ash-precipitation Zone is shaded red (deep). 


Places where Detonation was perceived are indicated by red dots. 
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Fig. 82. June 26th, 1913, at 8. O9. 40 a.m. 
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Sound Area and Ash-Precipitation Zone of Asama-yama Explosions. 


Sound Area is shaded red (thin), Ash-precipitation Zone is indicated by dotted line. 


Fig. 33. May We 1918, at 10. 44.12 am. 
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Sound Area and Ash-Precipitation Zone of Asama-yama Explosions. 


Sound Area is shaded red (thin), Ash-precipitation Zone is indicated by dotted line. 


. 35. Sept. 21st, 1918, at 1. 50. 59 p.m. 
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Sound Area and Ash-Precipitation Zone of Asama-yama Explosions. 
Sound Area is shaded red (thin). Ash-precipitation Zone is shaded red (deep). 
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Places where Detonation was perceived are indicated by red dots. 


Fig. 37. Aug. 12th, 1913, at 11. 20. 33 p.m. 
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Sound Area of Asama-yama Explosions. 


Sound Area is shaded red (thin). Places where Detonation was perceived are indicated by red dots. 
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23. Eaplosion of Oct. 26th, 1913, at 3. 14. 38 am. The 
sound area (Fig. 39) was roughly of a crescent form, which 
stretched from Mount Tsukuba on the E to the vicinity of the 
town of Ojiya (Echigo) in the Shinano-gawa valley, including parts 
of the provinces of Kotsuke, Shinano, Echigo, Musashi, Shimosa, 
and Hitachi. The radial distances of the sound propagation were 
155km toward the E slightly 8, and 104km toward the NNE. 
At Maebashi, there was a_ slight precipitation of ashes. Outside 
the above mentioned area, the sound was perceived at a place 
ealled Shintani-mura, in the H. Kanbara county, Hchigo, at a 
distance of 170 km to the NNE of the Asama-yama. It will be 
observed that the propagation of the sound in the present. case 
was similar to that of the strong explosion of Oct. 22nd, 1911. 

Meteorological Condition. In the early morning of the 26th, 
the centre of high barometric pressure (77 1-776 mm) was over 
Northern China, thence decreasing to 760-765 mm over the 
Japanese islands. The isobars were arranged nearly parallel to 
the extension of the latter, and there prevailed northerly or wester- 
ly winds at most places in Central and Northern Japan, with the 
maximum wind velocity of 14.2-9.7 m/s (NW) at Niigata. The 
air temperature varied at 6 a.m. from 0°.2 to 13°.8 C, with the 


mean of 8°.9 C. The weather was clear or fair at several places. 


at i 
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TABLE XII. WIND DIRECTION AND VELOCITY, AIR TEMPERATURE, 
AND CLOUD AMOUNT, AT 2 AND 6 A.M., ON OCT. 26TH, 1913. 


——— SS nessesSSSsennsoaesesnceeoey 


Wind Direction and Air Cloud 
emai Meteorological Velocity (m/s). Temperature. Amount. 
Station, 
2 a.m. 6am. ||2a.m.|]6a.m.|2am.!6a.m. 

Fukushima. |WNW112/NNW 7.2] 15.9cl] 130cl 41 5 
Utsunomiya. — O4|/ NW 16] 5.5 4.6 0 0 
Mito. NNW 2.6)/NNW 2.21! 7.5 6.0 0 i 
Niigata. NW 14.2} NW_ 9.7] 13.4 | 13.5 10 10 
Maebashi. WNW 7.2; N 4.9] 9.5 8.2 0 1 
Choshi. Wee 2OleNW eo 6113.7) ales 3 10 

J | Kumagai. WNW 3.2/ESE 0.7] 8.0 | 6.8 0 + 
Tokyo. NNW 2.4) NW 2.0] 9.5 8.8 0 10 
Yokohama. |NNE 0.7|/NNE 2.7] 10.9 | 94 Lt eG 
Kofu. IN Wile ODN IW LO} & 5.4. 5.2 0 10 
Nagano. E 10; NW 14] 5.6 5.3 10 10 
Matsumoto. S OS Wa US no 6 0.2 0 0 

Tida. — 0.3) E Li 3:38 h Bey 0 3 
Numazu. ENE L7)/ENE 4.5] 9.4 9.4 0 10 
Hamamatsu. WSW 3.6; W 4.5] 14.0 | 13.8 2 i) 
Gifu. EN 1.0). Nog 3:619.9.8 9.0 2 it 
Fushiki. SSwW 2.6] N O04 210.6 15133 10 10 
Nagoya. NNW 2.9|INNW 3.6] 10.5 9.8 9 i) 

ia Hikone. S L.9) 5S 1.8] 9.1 9.1 1 2 
Fukui. ESE 2.3} NE 1.0] 10.6 | 10.1 0 10 
Kanazawa. SSW 5.0|ENE 5.6] 13.8 | 12.7 9 10 
Takayama. —- 0.2; — 00] 19 3.0 0 10 

Tsu. We S62 WSWits. odes 1010.1 0 0 


: 


z4. 


Relation 


between sound area and ash-precipitation 
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zones.« Among the 12 explosions (§ 10) considered above there 
were 9 cases, namely, Nos. 3 to 11, in which the sound area Was 
composed. of two branches ; - these having taken place all between 
May 29th and Sept. 21st, in the year 1913. On the other hand, 
the three other explosions, 1, 2, and 12, in each of which the 
detonation was heard only in the eastern branch, occurred respec- 
tively on Dec. 14th, 1912, and May 16th and Oct. 26th, in 1913. 
These facts may indicate the existence in the summer times of the 
atmospheric conditions over Central Japan favourable for the 
formation of the western branch of sound area with the zone of 
silence situated between it and the Asama-yama. It must not, 
however, be forgotten that the latter phenomenon did also take 
place in the colder months, as was the case with the explosions 
of Dec. 16th and 25th, 1910, and of April 3rd, 1911. 

From a comparison of the Figs. 29 to 40, we may divide 
the explosions Nos. 3 to 11 into the following four groups, accord- 
ing to the forms and relative positions of the two branches of the 
sound area. Group A: Explosions Nos. 4, 7, and 6, or those of 
June 17th, and of June 26th, at 11 p.m. and at 8 am. Group 
B: Explosion (No. 5) on June 20th. The explosions of Dee. 
25th, 1910, and of April 38rd, 1911, also belong to this group. 
Group C: Explosions Nos. 3, 8, and 11, or those of May 29th, 
July 13th, and Sept. 21st. The explosion on Dec. 16th, 1910, 
also belongs to this group. Group D: Explosions Nos. 10 and 9, 
or those of Aug. 12th and July 19th. 

The sound areas of the explosions belonging to each of the 


* Descriptions of the sound areas of the Asama-yama explosions in 1909 to 1911 are given 
in the Bulletin, Vol. VI, No.1. For interesting and valuable discussions on the anomalous sound 
propagation the reader is referred to Prof. v. d. Borne’s paper, ‘ Ueber die Schallverbreitung 
bei Explosionskatastrophen,”’ Physik. Zeitschrift, 11. Jahrgang, 1910, and to Dr. 8, Fujiwara’s 
paper, “On the abnormal propagation of sound wave in the atmosphere,’ Bulletin of the 
Central Meteorological Observatory of Japan, Vol. II, 1912. 
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different groups are more or less mutually similar, and the position 
and form of the western branch seem to depend on that of the 
eastern branch or the extension of the ash-precipitation zone. 

Explosions of Group A. (Figs. 30, 34, and 32.) In the 
explosion of June 17th, both the general course of the ash-precipi- 
tation zone and the longer extension of the eastern branch of the 
sound area were nearly from W to E, being approximately 
normal to, and directed away from, the are of the western branch. 
In the case of the explosion of June 26th, at 11 p.m., the 
extension of the western branch of the sound area was nearly in 
the same direction as that of the preceding case, the ashes being 
also carried approximately toward the E. In the explosion of June 
26th, at 8 a.m., the ashes were carried also nearly toward the E, 
and the arrangement of the sound area was not much different 
from that of the outburst in the evening of the same day, except 
that the western branch was in the present instance smaller in 
extension. 

Explosions of Group B. (Fig. 31.) In the explosion of June 
20th, the western branch of the sound area extended from the N. 
part of Owari into the Japan Sea on the north, being appreciably 
displaced northward when compared to those of the outbursts of 
group A. In correspondence to this fact, both the course of the 
ash-precipitation zone and the greatest radial extension of the 
eastern branch of sound area were directed toward the ESE. On 
the occasion of the explosion of Dee. 25th, 1910, the western 
branch area was limited to the two provinces of Etchu and Hida 
and did not extend to Mino and Owari southwards; there having 
been the precipitation of sand at the Wakasare Cottage at the 
N. foot of the Ko-Asama, which was also the case with the out- 
burst above considered. Again, in the explosion of April 3rd, 
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1911, the arrangement of the two branch areas was not much 
different from that for the latter, although there was no report 
on the falling of ashes. (See Figs. 27 and 28, in No. 1 of the 
preceding volume.) 

Explosions of Group C. (Figs. 33, 36 and 35.) In the two 
explosions of May 29th and July 13th, the ashes were carried in 
the NNE direction to the town of Naganohara or further to the 
SE part of the province of Echigo. Consequently the western 
branch of the sound area was in each case shifted much south- 
eastwards and extended from the vicinity of Lake Biwa to the 
west part of the province of Suruga. The explosion of Dec. 16th, 
1910, (Fig. 24, in Vol. VI, No. 1, of the Bulletin), furnished a 
case analogous to the two outbursts here considered; the ashes 
having been carried toward the NNE to Naganohara, although the 
eastern branch sound-area extended eastwards to the Pacific coast. 
To the 8 and SW from the Asama-yama, the detonation was, on 
the occasion in question, heard in the western branch area stretch- 
ing in the EW direction and composed of the city of Nagoya and 
the vicinity, the N. part of Mikawa, and the 8S. extremity of Kai. 
In the explosion of Sept. 21st there was a precipitation of ashes 
and small flat lava fragments at the Wakasare Cottage and at the 
Asama Pasture Ground to the ENE of the volcano. Consequently 
we find, in the opposite direction, the western branch area extend- 
ing over parts of Owari, Mino, etc. 

Explosions of Group D. (Figs. 37 and 38.) In the explosion 
of Aug. 12th, both the course of the ash-precipitation zone and 
the extension of the eastern branch of the sound area were 
directed toward the ESE, approximately normal to the N. division 
of the western branch. It may be that the latter was continued 


for some distance northwards over the Japan Sea and formed, 
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together with the 8. division a great arc similar to, or larger than, 
the western branch of the explosion of June 17th, which was also 
very nearly separated into the N and S pieces by the existence 
of a non-perception tract in Mino. On the occasion of the out- 
burst of July 19th, the ashes were carried south-eastwards from 
the voleano, in which consequence, probably, the N. and 5S. 
divisions of the western branch area were shifted slightly toward 
the N or NW. It is to be remembered that the two explo- 
sions here considered were very violent, being not much inferior 
to the strong eruption of June 17th. 

The facts described above seem to point to the following two 
conclusions :—(i). The course of the ash-precipitation zone ap- 
proximately forms a sort of middle axis, about which the eastern 
branch of the sound area is more or less symmetrical, as is il- 
lustrated in the cases of the explosions of June 17th and 20th, 
and of Aug. 12th, in which the ashes were carried to a sufficient- 
ly long distance from the volcano. (ii). The western branch of 
the sound area, or more strictly its central part, is located in the 
direction opposite to the course of the ash-precipitation zone*, such 
that its position is shifted to different azimuths between the SW 
and W with respect to the Asama-yama, although the radial 
distance may not greatly vary. 

25. Eastern branch of sound area and wind direction. The 
dependence of the eastern branch of the sound area on the direc- 
tion of the ash-precipitation zone, which was clearly indicated 
already by the three strong outbursts of Dec. 7th, 1909; Dee. 
2nd, 1910; and May 8th, 1911, is evidently due to the wind 


srevailine at the higher atmospheric region; the surface winds 
(a>) o o 


* This fact seems to have been in a measure anticipated by Dr. 8. Fujiwara. In the Bull. 
Cent. Met. Obs. Japan, Vol. II, p. 59, be says“....the range and the direction of the silent 
region may vary in every case,.....” 
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having, as will be seen from §§ 11 to 28, no definite relation on 
the propagation of the sound or the transportation of the ashes. 
The direction of the latter varied from NW-SE to SSW—NNE, 
and was on the average toward the E, as follows :—Toward the 
Ki, three cases; toward the SE, one case; toward the ESE, three 
and toward the NNE, three 


This conclusion is of course in accordance with the results 


eases; toward the ENE, one case ; 
cases. 
found from the examination of the former eruptions of the Asama- 
yama. That the mean direction of the ash-precipitation zone is 
identical with that of the higher air current is evident from an 
inspection of Table XIII, which gives the mean direction of motion 


of the upper cloud observed during the 5 
and 1910 at the different meteorological stations in Central Japan. 


years between 1906 


TABLE XIII. MEAN RESULTANT DIRECTION OF WIND AND THE 
MEAN DIRECTION OF UPPER CLOUD. 


Meteorological | yrean Resul- Meteorological | yroan Resul- 


Upper 


ee oon | | So eee 

Fukushima. N 25° W |S 86° W] Numazu. IN, 86°2H |) S 85° W 
Utsunomiya. N 77° E |S 86° W]| Hamamatsu. N 55° W W 
Mito. N 12° EF |S 58° W] Gifu. N 30° W | N 87° W 
Niigata. S 24° W |S 81° W]) Fushiki. S 71° WS 83° W 
Maebashi. N 14° W W Nagoya. N 45° W|S 88° W 
Choshi. N 14° E |S 83° W]) Hikone. N 81°-W | N 86° W 
Kumagai. N 39° W | N89° W] Fukui. S 25° WS 85° W 
Tokyo. N 8° W {|S 83° W | Kanazawa. Sirsa SS Siw 
Yokohama. N 11° W | N 89° W | Takayama. N 43° W | N 88° W 
Kofu. S 58° W.|S 84° W]! Tsu. N 59° W|S 88° W 
Nagano. N 45° W |S 81° W 

Matsumoto. Sao aW fo.s9°.W 

Tida. me hacW Po. SL W. 
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The height of the upper cloud, whose mean direction of motion is, 
according to the above table, from W to E, varies from a few 
km. probably up to about 10 km above the sea level. The smokes 
and ashes darted upwards by the strong explosions of the Asama- 
yama, whose height of ascent varies from about 5km to 10 km 
($§ 4 and 11), will be caught and carried eastwards by the 
westerly wind in the higher region, whose direction is essentially 


constant all the year round. 


Fig. 41. 


Diagram illustrating the explosive action of the Asama-yama crater. 
(acb)....The present condition of NW-SE section of the crater. 
KC) etme tou The explosive centre at the crater bottom. 


In considering the propagation of the detonation or of the 
sudden change in the atmospheric pressure caused by a strong 
explosion, it must be remembered that the principal effect will 
be spent upwards. Thus, in the annexed diagram, the greatest 
foree of the detonation or air concussion must be in the vertical 
direction CC", the boundary of the violent action being approximate- 
ly formed by the conical surface a’ cb’, connecting the explosion 
centre (C) of the crater bottom with the rim of the latter. This 
boundary surface, outside or below which the detonation will be 


perceived with a comparatively small intensity, may be supposed 
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for 1912 and 1913 to be represented by the horizontal plane 
through the top of the Asama-yama, as the actual crater was 
quite shallow in these two years. 

Now to examine the formation of the eastern branch of the sound 
area, let us suppose I I (Fig. 42) to be the plane last mentioned, 
namely, that drawn at an altitude of about 24 km, the elevation 
of the voleano. Further let If If be the plane drawn horizontally at 


a height of some 10 km, such that the space between it and the 


Fig. 42. Diagram illustrating the propagation of the Asama- 


yama Detonation. 


b it Asama-yama a b C d 


(I I)....Horizontal plane through the top of Asama-yama, 

(If Il)....Upper boundary of the layer of the greatest westerly wind. 

(b'a!....ed)....Groand level. Arrows indicate the westerly wind. 

O....crater. 
plane I [ is approximately the region of the upper cloud, in which 
prevails the westerly wind whose velocity (v) increase with the 
altitude probably to about 40 or 50 m/s. Below the plane I I, 
the westerly wind gradually decreases in velocity with the descent. 
Under these conditions, the detonation will reach the tract to the 
east of the Asama-yama by the paths below the plane I I, name- 
ly, a, b, c, d, ete., which are curved downwards, and thus give a 
condensation in the density of the sound rays. On _ the other 
hand, at the western foot of the mountain, there will be also the 


t 


sound rays below the plane I I, namely, a’, 0’,....which, being 
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curved upwards, will be smaller in the density than on the eastern 
side. This, coupled with the decrease of the intensity of sound 
with the increasing radial distance will cause the detonation to be 
enfeebled and become soon inaudible in the direction against the 
wind. Thus the ‘eastern branch” of the sound area, whose 
formation is due to the direct propagation from the volcano, ought 
not to extend much toward the W, as is almost invariably the 
case. | 

26. Western branch of sound area and higher air current. 
To account for the formation of the western branch at consider- 
able distance from the Asama-yama in direction contrary to the 
course of the ash-precipitation zone, let us assume the existence 
over the upper boundary of the space of the westerly motion of 
an atmospheric layer of strong easterly wind. Then the sound 
rays (h, i, j,....) of the detonation starting upwards or eastwards 
from the top of the voleano, will be curved’ eastwards till they 
meet the plane II II, to be thereafter curved back westwards ; 
the result being that the rays in question will not, under the 
supposed circumstances, reach down to the ground. This explains 
why there is no special sound area at a distance to the E (or 
NE, or SE) of the Asama-yama separated from that enclosing the 
latter. On the other hand, the sound rays directed westwards (/’, 
i',....) will be at first curved eastwards or upwards, but curved 
westwards after crossing the boundary plane II IL; those (@’....) 
with sufficiently small angle of incidence being, when combined 
with the influence of the difference in temperature and density, 
probably reflected back to the ground and giving rise to the western 
branch sound area. The space between the base of the mountain 
and the point of incidence of the reflected rays, where no sound 


is heard, forms the silent zone. 
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27. Extensions of two branches of sound area. From Figs. 
30 to 88, it will be observed that the eastern branch of the sound 
area, or the region of audibility about the Asama-yama itself, 
was sometimes much smaller than that of the western branch, 
which is separated by a considerable distance from the latter. In 
the following table I give the areas measured with a planimeter 
of the two branches in the cases of the 9 explosions in 1913, and 
of the 3 explosions in 1910 and 1911. 


TABLE XIV. COMPARISON OF THE EXTENSIONS (LAND AREAS) 
OF THE TWO BRANCHES OF THE SOUND AREA. 


Extension (area) of Western 


Extension 


Hae Dito. (aren) of Branch. Goa : 
i ame N. Division. | 8. Division.} Total. (ii) 
4 | June 17th, 1913.| 25,690 iE PEON S7 10081) LTL06 

7 jy  2etha 8,290 us - 7,460 0.90 
6 +, e26th,® -,; 6,840 oe — 5,770 0.84 
5 » 20th, ,, 9,360 ac ==, \e10;200 1.09 
3 | May 29th, _,, 8,130 = eee 11040) 1.39 
8 July 13th, ,, 1,860 a — 16,390 8.81 
11 | Sept. 21st, _,, 7,190 am os 6,350 0.89 
10 7 1FAus. 1 2ib ee 12,330 5,370 18,240 23,610 1.92 
9 | July 19th, ,, 6,080 10,250 | 12,970 2.13 
Dec. 16th, 1910.| 19,000 5,300 0.28 

» 25th, ,, 16,580 es meet 020 0.67 

April 8rd, 1911.| 4,450 10,120 2.28 

Mean. ; — 1.90 


Thus, the land area of the western branch, which had the great- 
est amounts of 27,100 and 23,610 sq. km respectively in the cases 
of the explosions of June 17th and Aug. 12th, 1913, was 0.28 to 
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8.81 times that of the eastern branch, the average ratio being 
about 2.1. Again the intensity of the detonation perceived at 
different places in the western branch area seems generally to be 
well pronounced. Thus, on the occasion of the explosion of July 
13th, 1913, whose greatest radius of the direct sound propagation 
was oaly about 30 km, the effect was felt, in the city of Nagoya 
(radial distance=201km.) as a loud detonation like that of a 
heavy body fallen on the ground, causing some of the houses to 
be shaken; while, at the town of Inazawa (radial distance =203 
km), the sound was mistaken for an earthquake and some people 
fled out of doors. The air wave of the explosion of June 26th, 
1918, at 11 p.m., was also felt as a loud detonation at the mete- 
orological observatory of Nagoya. ‘The sound of the explosion of 
July 19th, 1918, was reported to have been violent at the town 
of Ko-ori (radial distance=193 km) in the province of Owari. 
Again, in the case of explosion of June 17th, 19138, the sound was 
perceived at the different places in the province of Hitachi, about 
170 km to the E of the Asama-yama, generally as a feeble noise 
or slight shaking; while, at the meteorological observatory of Gifu, 
191 km to the SW of the voleano, there were perceived three 
successive loud detonations, which shook the doors and shat. On 
the same occasion, at Mutsumi-mura (radial distance=210 km) in 
the province of Mikawa, two successive strong sounds were 
heard, causing some of the people to escape out of doors. 

The above-mentioned peculiarities, namely, the large extension 
of, and the strong intensity of the detonation in, the western 
branch area admit of an easy explanation, if we remember that 
the existence of the latter is due to the total reflection of those 
violent sound rays, which start from the volcano in more or less 


upward directions and become audible at a definite westerly dis- 
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tance without much loss of energy. On the other hand, the sound 
perceived in the eastern branch area is due to the air waves of 
secondary force directly transmitted from the origin below the 
plane through the mountain top and may be enfeebled at a com- 
paratively short radial distance. The places at the foot of the 
Asama-yama, where the detonation was often of a terrific violence, 
causing some such slight damage as the breaking of shojt, over- 
throwing of karakami (sliding screens) and to (sliding doors), or 
the falling down of kamot (wooden lintels over doorways) due to 
the strong shakings communicated to the houses, are Karuizawa on 
the E, Iwamurata on the 8S, Oi-mura on the SEK, and Naganohara 
on the N, within the limiting distance of about 20 km from the 
crater. 

28. Cases of non-existence of western branch. The exten- 
sion of the sound areas in the cases of the explosions in 1913 and 
in the preceding years, in which the western branch did not exist, 


was as follows :— 


Group. Date. Extension of Sound Area. 
Dee. 7th, 1909. 71,800 sq. km. 
A Dec. 2nd, 1910. 60,700 
May 8th, 1911. 62,900 
Dec. 14th, 1912. 32,900 
May 31st, 1909. 7,370 
Dec. 15th, 1910. 12,100 
B Jan. 18th, 1911, (5% p.m.) 6,230 
ii 9 (9s p.m.) 20,000 
Oct. 22nd, 1911. 28,100 
May 16th, 1913. 7,240 


Oct 16th, 7s, 14,500 


= 
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Group A includes the cases in which the sound area were exten- 
sive and greater than 6,000 sq.km, while Group B includes those 
of smaller extension. Thus, the western branch did not come into 
existence, amongst the others, when the eastern branch, or area of 
direct sound propagation was large enough. It would seem that 
the prevalence of the too strong westerly winds prevents the 
formation of the western branch sound area, tending to give steeper 
angle to the sound rays emanating westwards and thereby causing 
them to proceed on without being reflected back to the ground. 

29. Distribution of sound frequency. Figs. 43 and 44 in- 
dicate the relative frequencies with which the Asama-yama 
detonations were heard at the different places, each being the 
results of the superpositions of the sound areas of a number of 
the strong explosions. Thus Fig. 43 relates to the 11 explosions 
in 1912 and 1913 (Nos. 2 to 12, § 10) and the 8 in 1909 to 1911, 
namely, those on May 31st, 1909; on Dec, 15th, 16th, and 25th, 
1910; and on Jan. 18th, (at 5. 20. 58 and 9. 27. 49 p.m.), April 
8rd, and Oct. 22nd, 1911. Fig. 44 relates, on the other hand, to 
the eruption of Dec. 14th, 1912, and the three special outbursts 
on Dec. 7th, 1909; Dec. 2nd, 1910; and May 8th, 1911; in each 
of these cases the sound area having notably extended to the NE 
from the mountain.* 

From Fig. 43 it will be noticed that the sound was _ heard 
most frequently, on the E. or around the mountain, in an oval 
area stretching to the E slightly 8; the approximate mean radius 
of the sound area at the NW, W, and SW sides being about 
50km. Off in the west the sound was heard most frequently 


along an arcual zone stretching from the 8 part of Noto to the 


* The sound areas of the different explosions in 1909 to 1911 are given in the Bulletin, 
Vol, VI. 


RI. XV. 


Fig. 48. Sound Areas of the 19 Strong Asama-yama 
Explosions in 1909-1913. 


The curves are the mean lines of equal sound frequency, indicated by the respective numbers. 
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Fig. 44. Sound Areas of the 4 Strong Asama-yama Explosions 
on Dee 7th, 1909; Dec. 2nd, 1910; May 8th, 1911; and Dee. 14th, 1912. 


The four frequencies of 1, 2, 3, 4 are indicated by different red shades. (0)....No sound heard. 
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W. part of Suruga, at an average radial distance of about 170 km, 
whose central part is to the S45°W from the Asama-yama. The 
approximate mean value of the internal (concave side) radius of 
the western branch sound area, which is of a crescent from, is 
about 130 km, while its maximum external (convex side) radius is 
about 270 km. 

From what has been said above, it will be seen that the zone 
of silence is bounded by two nearly concentric ares at the mean 
distances respectively of 50 and 130km from the volcano. This 
conclusion is to be regarded as applicable to the majority of the 
_Asama-yama explosions, and requires a modification for the cases 
of the outbursts with specially extensive sound areas, namely, those 
taken into consideration in the construction of Fig. 44, for which 
the detonation became audible in a part of the silence zone in- 
dicated in Fig. 43. 

The greatest distance of propagation of the audible sound of 
the Asama-yama explosions was about 276km to the NE and 
290 km to the SW. 

30. Repetition of sounds. In the cases of the strong 
explosions in 1913, the detonation was each time repeated twice 
or thrice at several places scattered throughout the western branch 
area, which is thus to be regarded essentially as a multiple-sound 
region. This fact is supplementary to the discussion respecting 
the 2-sounds and 3-sounds propagations given before, (the Bulletin, 
Vol. VI, p. 76), and it is interesting that the mean radius of the 
inner boundary of the western branch area (=130km) is ap- 
proximately equal to the distance (=120 km) of the boundary of 
the 2 and 3 sounds zones to the east of the Asama-yama. To the 
KE, N, and S from the voleano the repetition of sounds occurred, in 
1913, only at a few placesin the province of Kotsuke and Kchigo. 


TO F. Omori: 


CHAPTER II. SHEISMOGRAPHICAL OBSERVATIONS OF 
ASAMA-YAMA ERUPTIONS. 


31. Seismographical observations. In Chapters IV to IX, 
{ give the descriptions of the instrumental records of the strong 
Asama-yama eruptions in May 1913 to May 1914, and also those 
of a number of the small outbursts, of the voleanic micro-tremors, 
ete., in 1911-1913, observed at the three stations of Yuno-taira, 
Ashino-taira, and the Asama Pasture Ground, whose relative posi- 
tions are indicated in the accompanying figure. 


Fig. 45. Plan cf the Upper part of th: Asama-yama. 


B 


AsamaJisture 
i $ 
B 
© Waka sare 

“4 Askine-tarra 

Y.O, ........ Y¥umo-taira Observatory. 

Vis eee “Volcano House.” 
WE Son g6anO Ue Maikake-yama (Remnant of the 2nd Epoch Crater Ring). 
FO eee Kurofu-yama Ist ) 
Kis ne Bibacyamn re fe I 
i ede tere Ko-Asama, parasitic cone. oS ne eee ee NE Base of the Asama-yama. 


VANE Sa548a0 - Flat Ground of Yuno-taira. (ROTM Socesons Flat Ground of Tengu-no-roji. 
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The Yuno-taira seismological observatory, whose front points 
toward 8 20° HK, is at a horizontal distance of 2,300 m to S 70° W 
from the crater centre; the top of the Asama-yama, being just 
screened from view on the Komoro, or south-western, side by the 
Maikake-yama. The temporal station of Ashino-taira was at a 
horizontal radial distance of 4,850 m to the 855° W. These two 
places, both situated on the SW slope of the volcano, are at the 
height differences respectively of 580 and 1,130 m below the 
mouth level of the crater. The Asama Pasture Ground, which is 
at a horizontal distance of about 6,350 m to the N 65° E from the 
crater centre, is situated about 1,300 m below the level of the 
latter, on the Rokuriga-hara, the extensive plateau at the N base 
of the voleano. From the figure it will be seen that the Yuno- 
taira observatory and the Asama Pasture Ground are almost 
exactly on the mutually opposite sides of the crater, the ratio of 
their radial distances being roughly 1:3. Again, the position of 
Ashino-taira is not much out of the prolongation of the line join- 
ing the Asama Pasture Ground with Yuno-taira. 

It is hereby to be noticed that Ashino-taira and Yuno-taira 
are separated from the present Asama-yama crater by the interpo- 
sition of the Maikake-yama to the SW of the latter; while there 
is no sort of barrier on the E, NE, and N sides, so that the 
Asama Pasture Ground is situated directly at the base of the steep 
NE slope of the volcano. 

The seismological instruments* used in 1912-1914 at the 
Yuno-taira observatory were: (1), a single component horizontal 
tromometer of 150 (or 200) times magnification and of the natural 
oscillation period of 15 to 17 sec., set up for the registration of 


the apparent longitudinal component, or the movements of the 


* See p. 150 of the Bulletin, Vol. VI, No. 2. 
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ground parallel to the radial direction; (2), a portable two-com- 
ponents horizontal tremor-recorder of 100 times magnification, and 
of the natural oscillation period of about 4 sec. oriented for the 
registration of the apparent longitudinal and transverse move- 
ments, or those respectively parallel and normal to the radius ; 
and (3), a vertical motion seismograph of 50 times magnification and 
of the natural oscillation period of 10 sec. At Ashino-taira and 
the Asama Pasture Ground the observation was made only with 
portable themor-recorders, of magnifications respectively of 100 and 
200, put up so as to register for each place the apparent 
longitudinal and transverse components of the earthquake motion 
with respect to the crater centre.* The times of occurrence at 
Yuno-taira of the eruptions in 1913 were carefully determined 
from the instrumental records, the error of the time keeper there 
having been frequently determined by comparisons with pocket 
chronometers brought from Tokyo, facilitated by the establishment 
of a telephonic communication between the observatory and the 
town of Komoro at the SW base of the mountain. The introduc- 
tion since 1913 of an electrical arrangement, by which the small 
writing indices of the two component pointers of the tremor- 
recorders were simultaneously lifted for the interval of 0.5 see. 
every full minute, enabled an accurate identification of a given 
time instant in the two rectangular directions. All the seismo- 
graphical measurements given in the following pages relate to the 
horizontal motion alone,** as the vertical component was always 
very small. 

For the convenience of the examination, the seismographical 
diagrams of the different strong eruptions, as well as the more 


* See also § 1. 
** Only for the explosion of.May 29th, 1913, the vertical component record is given 
(Fig. 52). 


The Eruptions and Earthquakes of the Asama-yama. IY. 73 


important of the small ones, volcanic micro-tremors, etc., have been 
photographically enlarged 3 to 20 times, resulting in the total 
magnification of up to about 4,000 times. (See Figs. 49 to 61.) 

32. Seismograms. The longitudinal component seismogram 
of a strong Asama-yama explosion observed at Yuno-taira or the 
Asama Pasture Ground begins with a very small preliminary 
motion, ab (Fig. 46), directed outwards, corresponding to the 
preliminary tremor in ordinary cases. Then follows a slow well 
defined vibration, bed, of period of 2 sec. or so, composed of the 
1st displacement, bc, directed toward the crater, and the 2nd, or 


counter, displacement, cd, directed away from it. This may be 


IMG Ley 
d g 
Away from 
Crater 
a....Commencement. 
b bed. .“ Initial Vibration.” 
t hi r c.... Moment of Explosion. 
I ! i e....sound Shock, 
ei HU 
v iit f & bf ..Principal Portion. 
fg ..Tail, or End Portion. 
Toward e 
Crater 


Cc 


regarded as the first stage of the earthquake motion proper caused 
by the explosion, and may accordingly be termed the “ initial 
vibration.” Ags explained in Vol. VI, of the Bulletin, the effect of 
a strong internal explosive force, which leads to the breaking off 
of the surface lava layer in the crater bottom, is to push upwards 
the mountain top; the surrounding ground being, in consequence, 
first drawn toward the crater, to be moved back, or away from 
it, at the occurrence of the outburst. Hence, the point c, namely, 


the end of the Ist and the commencement of the 2nd displacement 
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of the ‘initial vibration” may be regarded as corresponding to 
the actual moment of the explosion, an assumption which is found 
to be satisfactory in the consideration of the sound velocity. 

The preliminary portion is longer in duration in the transverse 
component, than in the longitudinal; while, in the cases of the 
non-explosive eruptions, it may sometimes reach a considerable 
length in both components. 

The shakings of the ground caused by the strong explosions 
in 1913 were not actually sensible even at the Yuno-taira observa- 
tory, where the outbursts were in each case anneunced to the 
observer first by the loud detonation, or sound-shock, whose arrival 
there was several seconds after the preliminary portion and “ initial 
vibration”? had been registered by the tromometer. At the 
temporal station of the Asama Pasture Ground, the time difference 
in question was longer and the sound-shock was indicated often 
very clearly by the appearance on the diagram of a series of quick 
vibrations, as at e in the accompanying figure. The effect of the 
detonation on barographs is considered in a later Chapter. 

What may be regarded as the end portion, or tail, of the 
earthquake motion caused by a strong explosive or non-explosive 
eruption is usually abruptly smaller than the principal portion, 
which latter is probably to be taken as corresponding to the 
course of the outburst itself. 

In the descriptions of the seismographic records of the Asama- 
yama eruptions and earthquake shocks, 2a and T are used to 
designate respectively the double amplitude, or range of motion, and 
the complete period of the vibration. 

33. List of Asama-yama disturbances. The different typical 
seismograms considered in Chapters IV to IX, are as follows. 
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CHAPTER IV. STRONG EXPLOSIONS OBSERVED AT THE 
ASAMA PASTURE GROUND. (1913.) 


(1) Sept.21st; 1. 50. 59 p.m. (4) Oct. 17th; 3. 27. 47 p.m. 
(2a Oct. ith £1" 32.° 32" a.m. (5) ewalid.. oy. 00.042 aaa, 
(Snes Oba LU. 45.015" p.m. Foye Nove I4th ; C1. 21. oo, 


CHAPTER V. STRONG EXPLOSIONS OBSERVED AT ASHINO-TAIRA. (1913). 


(1) Sept. 21st." (4) Oct. 17th.* 
(2) Oct, 9th; 1. 09. 10 a.m. (5) <a, 422nd.* 
(3) ee Loth:* 


CHAPTER VI. STRONG EXPLOSIONS OBSERVED AT YUNO-TAIRA. 
(1) May 16th, 1913; 4.41.00 p.m. (11) July 7th, 1913; 7.10.32 a.m. 
(2) os ee ees Jeao- Ot a.m. (12) —,, ure 9. 46. 53 p.m. 
(3) 7 eet 1044.12 |, Clay Sthe Grave 20 a1. 
(4)-June- loupe) LIV OL-16 p.m. * (14) ,,° 18th, ,, 4. 01. 19 p.m. 
fO)i Seman tree 9 LOC4T/ AL" j, (loves, ba kot 43, 2. 08. 34 a.m. 
(6). J 0° Leaieags 6221503 a.m, ALC) 3.) 9th, «5, 0. 54. 03 p.m. 
(0). 95° Rass 4206.47 ;; (1s Aug 12th, 45 (42 O0Ses,, 
(3). 4, 24th gp el 1. 37..34. _,, (tS ae, a oe BIDS aes 
(Oe ons, st bears BaUOe4O) .. (19) May Sth, 1914; 0.33.02 a.m. 
(lOve rs » 11.41.59 p.m. 

CHAPTER VII. LARGE NON-EXPLOSIVE ERUPTIONS OBSERVED AT 

YUNO-TAIRA OR THE ASAMA PASTURE GROUND. (1913.) 
(1) June 24th;11. 34.17 pm. (5) Aug. 15th; 3. 58. 46 p.m. 
(2) Ulva eisiaer Os Lie OL. (6) - AS ee ces ee 
(3) sAuge tots 4. OL. 19 ,, (7) Nov. 20th; 3. 40. 35 _,, 
(4) yw) oth; 9. 59: Ll am. 
CHAPTER VIII. VOLCANIC MICRO-TREMORS AND SMALL NON- 
EXPLOSIVE ERUPTIONS OBSERVED AT YUNO-TAIRA. 

(i) Voleanie Micro-tremors and Eruptions on Oct. 2nd, 1912. 
(ii) Small Eruptions in 1911 :— 
(1) July Ist; 11. 32. 08 a.m. (8) July 8th; 10. 16. 04 a.m. 
(2) ee eee nee a. 523 ep.m: (ime Wg) BAth se 431820268 - 5; 
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(5) July 21st; 10. 47. 40 p.m. (8) Aug. 29th; 8. 35. 53 p.m. 

(6) Aug. 15th; 4. 42. 50 am. (9) Sept. 9th; 11. 49. 21 a.m. 

CTV Gy 20th <a SS seas and 11. 49. 59 a.m. 

(iii) Small Eruptions in 1912 :— 

(1) ‘July Ist; 5. 33. 50> p.m- (5) Aug. 7th; 8. 14. 48 a.m. 

(2) MG) os OUT ein (Gis, ae aati! Ras! Bel ab cy 

(3). Aug. 8rd; 7. 20. 58 p.m. (7) 22nd 1525 oUeees 
(4), Pre (oxide ile 5s (8) ,, 28rd; 3. 14. O1 p.m. 
The tromometer observations in Tokyo of the Asama-yama 


eruptions are considered in a later Chapter. 


CHAPTER IV. ASAMA-YAMA EXPLOSIONS OBSERVED 
AT ASAMA PASTURE GROUND.** 
[TREMOR-RECORDER DIAGRAMS] 

34. Explosion of Sept. 21st, 1913. at 1.50.59 pom. <Accord- 
ing to the report of Mr. Kawazoe, who witnessed the eruption 
from Yuno-taira, the detonation was like that of blast of a 
boisterous wind and lasted 3 or 4 sec. According to Mr. T. Kato, 
who saw the eruption from the foot of the Ko-Asama the detona- 
tion was very loud and like that of a gun discharge; the column. 
of black smokes, which rose vertically high up, being gradually 
carried towards the NE. Several lava blocks fell to the E and N 
slopes of the Asama-yama, continuing to throw up vapours for 
some time. At the Wakasare Cottage there were precipitated 
platy lava fragments 2em in dimension, and at the Asama 
Pasture Ground those of the size of peas. 

Total Duration=4 min. (Fig. 51.) 


* Also registered at the Asama Pasture Ground. 

** The times of occurrence of the explosions on Oct. 7th and Noy. 14th were registered by 
the tremor-recorder at the Asama Pasture Ground, while those of the 4 others considered in this 
chapter are the results determined by a similar instrument at Ashino-taira. 
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Longitudinal component. [Preliminary and principal portions : 
duration=35.5 sec.] The commencement was perfectly sharp, and 
the preliminary motion, 0.61 sec. in duration, was directed outwards 
and was very small, its amount being only 0.0018 mm. The 
‘“‘ initial vibration”? of T=1.8 sec., was composed of the Ist, or 
outward, displacement of 0.035 mm (duration=0.66, sec.), and of 
the 2nd, or inward, displacement of 0.043 mm (duration=1.12 sec.). 
The latter and the next small vibration may be regarded as_ to- 
gether forming a slow motion of 1.84 sec. in duration. Then 
followed two well-defined large displacements of 2a=0.122 and 
0.118 mm respectively, making up the maximum — vibration of 
T=2.56 sec. The next displacement (duration=1.1 sec.) was 
0.051 mm in range. So far, during the first 6.9 sec. of the 
earthquake, the motion was gentle and practically free from. the 
superposition of minute movements. For the next 28.6 sec., the 
motion was made up of quick vibrations of T=0.25 sec., and of 
max. 2a=0.031 mm, mixed more or less distinctly with those of 
T=0.70 sec. and of max. 2a=0.02 mm. During this interval, 
the pointer of the instrument was thrown into slow movements of 
T=4.4 sec. (max range=0.035 mm), due to the proper oscillation 
of the pendulum mass. [Sound Shock]. 17.3 sec. after the carth- 
quake commencement, or 16.1 sec. from the end of the Ist dis- 
placement of the “ initial vibration,” there occurred quite abruptly 
sharp vibrations, which began with the maximum motion of 
0.047 mm and lasted about 2.5 sec. These were evidently due to 
the arrival of the ‘sound shock,’ or the volcanic detonation. 
[End portion.) The motion was composed of the vibrations of 
T=—0.96 sec. (max. 2a=0.015mm), mixed with some slower 
movements, but free from the superposition of quick vibrations. 


Transverse Component. [Preliminary and principal portions : 
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duration=29.2 sec.] Fon the 1st 2.3 sec., there was practically 
no motion. Then took place a displacement of 0.0087 mm toward 
the NW, and there were during the next 11.6 sec., 9 vibrations 
ot T=—1.3 sec., grouped into those of double period; the greatest 
motion (absolute maximum) of 0.058 mm oecurring 11.1 sec. after 
the earthquake commencement. So far, the vibrations were simple 
and almost entirely free from the superposition of quick movements. 
The latter began to appear from 13.6 sec. after the earthquake 
commencement ; the motion consisting, for the remaining 15.4 sece., 
of the vibrations of T=0.29 sec. (max. 2a=0.028 mm), mixed 
with the slower ones of T=1.0 sec., max. 2a=0.030mm. [End 
portion.] The motion consisted principally of vibrations of 
T= 1:03 .see., max. 242205023 mim. [Sound Shock.] The quick 
vibration of 2a=0.049mm due to the sound shock occurred 
17.2 sec. after the earthquake commencement, simultaneously with 
the corresponding movement in the longitudinal component. 
Comparison of Longitudinal and Transverse Diagrams. The 1st 
well defined motion in the transverse component occurred 1.7 sec. 
later than the Ist displacement of the “ initial vibration” in the 
longitudinal component. Again the absolute maximum motion in 
the transverse component, which was accompanied by no. special 
maximum phase in the longitudinal component, occurred 8.0 see. 
later than the large slow vibration in the latter. The times of 
appearance ot the conspicuous quick vibrations in the two diree- 
tions were separated also by. nearly an equal interval, namely, 
7.0 sec. The average period of the large vibrations in the earlier 
part of the transverse component was 1.3 sec., which is equal to half 
of the period of the maximum motion in the longitudinal com- 
ponent, namely, 2.6 sec. The movements of T=1.0 sec. and the 


quick vibrations of T=} sec. (approx.) existed in both components. 
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The ‘ initial vibration’ was entirely in the longitudinal com- 
ponent, i.e., the inward and the outward displacements directly 
due to the explosion moved in the line joining the observing place 
with the crater centre. The large (absolute maximum) slow 
oscillation of 2a=0.122 mm, which occurred only 2.4 sec. after 
the “initial vibration,” was also purely longitudinal, being mixed 
only with two small vibrations of 2a=0.009 mm in the trans- 
verse direction. 

35. Eaplosion of Oct. 7th, 1913, até 11.32. 32am. This was 
a comparatively small explosion. At Ashino-taira, the building was 
glightly shaken, followed by a rushing sound. At the Asama 
Pasture Ground, noises continued to be heard for about 25 sec. 
alter the explosion. 

Total Duration=2”" 10°. The explosion was small. 

Longitudinal Component. The motion was made up principally 
or slow vibrations of T=1.0 sec., max. 2a=0.0072mm, mixed 
with those of T==0.61 see., there being practically no superposition 
or quick movements. 

Transverse Component. The vibrations were regular: T=1.05 
sec., max. 2 a=0.0093 mm. 

36. Explosion of Oct. 15th, 1913, at 10. 43. 18 pon. — At 
Ashino-taira, a detonation like that of a gun discharge was heard. 
At the Asama Pasture Ground the detonation was very loud. 

Total Duration=2™ 20°. 

Transverse Component. (Fig. 47.) The preliminary portion 
was very small and lasted 0.62 sec. Then there took place a 
slow vibration of T=1.6 sec., whose Ist and 2nd_ displacements 


were 0.0063 and 0.0128 mm respectively. For the next 4.5 see., 


* Time at Ashino-taira. 
** Time at Ashino-taira. 
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there were 5 regular vibrations of T=0.89 sec., of which the 3rd 
one had the max. 2a of 0.0218mm. For the next 3.4 sec., the 
motion was slightly smaller and irregular: T—0.48 sec., max. 2a 
0.0088mm. So far, for the Ist 10.1 sec., the movements were 
comparatively small. During the next 9.5 sec., the motion was 
most active and composed of 9 large well defined vibrations of 
T=1.05 sec., the last but one of which had the absolutely greatest 
2a of 0.068mm. It was just immediately after the commence- 
ment of this maximum movement, that the effect of the sound 
Shock (Fig. 47) was indicated in a perfectly definite manner. 
Thus the detonation arrived at the Asama Pasture Ground 17.5 
sec. later than the commencement of the earthquake motion. For 
the next 13.7 sec., the motion was much smaller and composed 
principally of the vibrations of T=0.93 sec., max. 2a—0.0244 mm: 
there being during the 1st 3.3 sec. a superposition of the quick 
movements caused by the detonation. For the next 12.4 sec., the 
motion again decreased, and consisted of 15 regular vibrations of 
T=0.83 sec., max. 2a=0.0091mm. The subsequent motion was 
very small. 

Longitudinal Component. The record is unfortunately imperfect, 
as, at the time of the explosion, the writing stile remained 
suspended up and was not recording on the smoked paper, being 
first caused to drop down on the latter by the sound shock. 
The quick movements due to the latter appeared then for about 
5.6 sec: T=0.22 sec., max. 2a=0.0315 mm. The period of the 
slower vibrations, which occurred throughout the rest of the 
motion, was 1.02 sec. 

37. Eaplosion of Oct. 17th. 1913, at 3. 27. 47 p.m. At 
Ashino-taira, the detonation was feeble and much less intense than 


that on the 15th; the amplitude of the earthquake vibration 
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being, however, greater on the present occasion. At the Asama 
Pasture Ground, the detonation was very loud and of a long 
duration, and was followed for some time by rushing noises. The 
smokes were carried by 8. winds past over the last named place, 
“here, however, there was no precipitation of ashes. 

Total Duration=1™ 50°. 

Longitudinal Component. [Preliminary and principal portions : 
duration=36 sec.] The earthquake began with an inward dis- 
placement of 0.0062 mm and of duration=1.27 see., the preliminary 
outward motion being small and consequently not separately 
indicated. The 2nd and outward displacement was 0.0206 mm 
(duration=1.26 seec.), forming together with the preceding the 
‘initial vibration” of T=2.54 sec. Again, the 2nd displacement 
and the next small vibration may be regarded as together forming 
a slow movement of 2a=0.0312mm and of duration=1.76 sec. 
There followed two nearly equal well defined displacements form- 
ing a vibration of T=2.4 sec., ,2a=0.087 mm. Then took place 
a slow inward displacement of 0.062 mm (duration=2.1  sec.), 
mixed with smaller movements. For the next 5.3 sec., there were 
two slow vibrations of T=2.65 sec., the 1st of which had the 
absolutely maximum 2a of 0.112mm, and which were mixed 
amongst the others with quick movements of T=0.36 sec. ; these 
latter becoming prominent from about 10.3 sec. after the earth- 
quake commencement. During the next 10.6 sec., there were 15 
well defined regular vibrations of T=0.71 gsec., of which the 1st 
had the 2a of 0.0644 mm, and the 6th the max. 2a of 0.0717 mm, 
on account of the superposition of the effect of the detonation 
wave; this latter having appeared 17.2 sec. after the earthquake 
commencement, or 16.0 sec. after the end of the 1st displacement 
of the ‘initial vibration.” During the remaining 11.3 sec., the 
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motion was less, being composed of 144 vibrations of T=0.78 sec., 
2a=0.0312 mm, mixed with some quick movements. [End 
portion.] Motion was very much smaller. 

Transverse Component. [Preliminary and principal portions: 
duration=27.3 sec.] The motion, whose commencement was 
clearly marked, was very small during the 1st 1.36 sec. Then 
took place a movement of 0.0079mm (duration=0.64  sec.), 
toward NNW, followed by a vibration of T=2.53 see. composed 
of the two displacements respectively of 0.0352 and 0.0692 mm. 
The next 4.4 sec. was made up of a single slow vibration 
mixed with smaller ones of T=0.50 sec. (2a=0.013 mm); the 
superposed quick movements beginning to appear at the end of 
this interval, namely, from about 8.8 sec. after the earthquake 
commencement. Then took place a large vibration of T=2.48 
sec., and of 2a=0.106mm, mixed with smaller ones. For the 
remaining 18.4 sec., the motion was most active and was com- 
posed of well defined vibrations of T=1.03 sec., max. 2a=0.0715 
mm, and of T=0.79 sec., max. 2a=0.0664mm. [End portion.] 
During the Ist 14.1 sec., the motion was small: T=1.1 sec., 
2a=0.012 mm, and of T=0.7 sec., max. 2a=0.0173 mm. The 
subsequent motion was very small. [Sound Shock.] The effect 
due to the sound shock occurred 17.0 sec. after the earthquake 
commencement. 

Comparison of Longitudinal and Transverse Components. The 
Ist or inward displacement of the “ initial vibration” (resultant 
2a=0.0062 mm) was entirely longitudinal, while the 2nd, or 
outward, displacement (resultant 2a=0.021mm) deviated about 
22° from the radial direction. The slow period large (absolute 
maximum) displacement of 0.106mm in the transverse ‘com- 


ponent took place 1.05 sec. later than the corresponding dis- 
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placement of 0.112mm in the longitudinal. In the subsequent 
portion, there was no great difference in the amplitude of 
motion between the two components. 

38. Explosion of Oct. 22nd, 1913, at 3.55.42 am. A. small 
explosion, which caused the precipitation of sands at the Asama 
Pasture Ground for about 10 minutes. 

Total duration=2™" 0°. The commencement was slightly 
indistinct. 

Longitudinal Component. [Preliminary and principal portions : 
duration=26.9 sec.] The diagram is, on the whole, similar almost 
vibration for vibration to that of the explosion on Oct. 17th. 
In the present case, however, the motion was much smaller, and 
began with the preliminary portion of 1.6 sec. duration, followed 
by an inward displacement of 0.0018 mm (duration=1.44 sec.), 
and the outward one of 0.0099 mm (duration=1.69 sec.) ; the two 
forming a slow vibration of T=3.1 sec., corresponding to the 
“initial vibration.” The next vibration, of T=2.2 sec., was com- 
posed of the two displacements respectively of 0.0176 and 
0.0422 mm; quick superposed movements of 2a—0.0154 mm 
appearing from about 4.4 sec. after the earthquake commencement. 
For the remaining 20.0 sec., the motion was active and consisted 
of the well defined vibrations of T—0.80 sec., of which the 2nd 
had the absolutely maximum 2a of 0.073 mm; the max. 2a of 
the superposed quick movements (T=0.27 sec.) being 0.0277 mm. 
[End portion.] The motion was small, being composed of the 
vibrations of T=1.4 sec. (2a=0.0107 mm), T=0.74 sec. (2a= 
0.012 mm), etc. The sound effect was indicated somewhat doubt- 
fully 16.5 sec. after the end of the 1st displacement of the “ initial 
vibration.” 


Transverse Component. [Preliminary and principal portions : 
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duration=24.5 sec.] The motion was practically nil during the 
Ist 2.5 sec. Then took place a vibration of T=2.0 sec., composed 
of the two displacements of 0.0036 and 0.010 mm respectively 
toward NNW and SSE. For. the next 6.6 sec., there were 24 
slow vibrations of T=2.6 sec., of which the 2nd had the max. 2a 
of 0.078mm; there being superpositions of quicker movements 
of T=0.81 sec. (2a=0.035 mm), and some smaller ones. For the 
next 13.4 sec., the motion consisted of 14§ regular vibrations of 
T=0.92 see., of which the 2nd had the max. 2a of 0.049 mm. 
The subsequent motion was much smaller: T=1.1 sec, 2a= 
0.015 mm. 

Comparison of Longitudinal and Transverse Components. ‘The 
Ist, or inward, displacement of the “initial vibration” was 
| entirely longitudinal. The absolute maximum 2a of 0.078 mm in 
the transverse component occurred 8.6 sec. after the earthquake 
commencement, or about 0.7 sec. after the corresponding 
motion of 0.073 mm in the other. The regular vibrations in the 
transverse component between 11.2 and 23.5 see. after the com- 
mencement were on the whole distinctly larger than the move- 
ments in the corresponding interval in the longitudinal; although 
the quick superposed movements, which were markedly shown in 
the latter, were practically nil in the former component. 

39. Ezxaplosion of Nov. 14th, 1913, af 11.11.55 am. At the 
Asama Pasture Ground, the detonation was very loud and like a 
thunder peal, followed by rushing noises for about 3 minutes. 
(See Fig. 9.) 

Total Duration=3 min. (Fig. 49.) 

Longitudinal Component. [Preliminary and principal portions: 
duration=22.3 sec.] The motion was very slight during the Ist 
1.9 sec., after which a small outward displacement of 0.0057 mm 
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Fig. 47. Asama-yama Explosion of Oct. 15th, 1918, observed at Asama Pasture Ground. 


Magnification = 1610. 
Time Scale: 1 Minute =483 mm. 
a....Commencement, b....Sound Shock. 
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Fig. 48. Micro-Pulsations, observed on Aug. 12th, 1913, at about 11 p.m. 


Yuno-taira Tromometer Record: Longitudinal Component. 
Magnification = 1130 
Time Scale: 1 Minute=282 mm. 
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Fig. 49. Asama-yama Explosion of Nov. 14th, 1918, observed at 
Asama Pasture Ground. Tremor-recorder Diagram. 
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Fig. 80. Non-Detonative Eruption of Asama-yama of Nov. 20th, 1918, 
observed at Asama Pasture Ground. 


Magnification = 810. 
Tremor-recorder Diagram. Time Scale: 1 Minute =269 mm. 
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(duration=1.2 sec.) took place. Then there followed the “ initial 
vibration’ of T=3.05 sec., composed of the inward displacement 
of 0.038 mm and of the outward one of 0.063mm. The latter 
and the 3rd motion of 0.059 mm together formed a large vibration 
of T=2.7 sec. For the remaining 14.6 sec., the motion became 
quick and was composed of 15 well defined vibrations of T=0.97 
sec., max. 2a=—0.046mm. [End portion.] During the 1st 17.3 
see., the vibrations Welter t= 47sec, max. 2a—0:024 mm. 
Thereafter the motion became much smaller, being composed of 
_the movements of T=1.3 sec., max. 2a=0.007 mm. Towards 
the very end, the period was 1.05 sec. 

Transverse Component. [Preliminary .and principal portions: 
duration=37.7 sec.] The motion was practically nil for the 1st 
3.6 sec., after which took place a SSE’ward displacement of 
0.0048 mm (duration=1.2 sec.) corresponding to the 1st, or in- 
ward, movement of the “initial vibration” in the longitudinal 
component. The two next displacements, respectively of 0.025 
and 0.035 mm formed a slow vibration of T=2.57 sec. For the 
next 10.1 sec., there were 7 slow vibrations of T=1.44 sec., 
(with some superposition of small quick movements), the last 
having the max. 2a of 0.052mm. Then there took place a slight 
. quickening of period, and, for the next 7.8 sec., the motion was 
most active, being composed of 8 regular vibrations of T=0.98 
sec., max. 2a=0.073 mm. For the remaining 12.8 sec. of the 
principal portion, the motion was nearly uniform: T=1.16 sec., 
max. 2a=0.048mm. [End portion.] During the Ist 17.4 sec., 
the vibrations were regular: T=1.03 sec., max. 2a=0.017 mm. 
Thereafter the motion became much smaller. 

Comparison of Longitudinal and Transverse Components. The 
introductory small motion phase lasted in the transverse component 
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(duration=1.2 sec.) took place. Then there followed the “ initial 
vibration” of T=3.05 sec., composed of the inward displacement 
of 0.038 mm and of the outward one of 0.063mm. The latter 
and the 3rd motion of 0.059 mm together formed a large vibration 
of T=2.7 sec. For the remaining 14.6 sec., the motion became 
quick and was composed of 15 well defined vibrations of T=0.97 
sec., max. 2a—0.046mm. [End portion.] During the Ist 17.3 
sec., the vibrations were: T=1.47 sec., max. 2a=0.024 mm. 
Thereafter the motion became much smaller, being composed of 
the movements of T=1.3 sec., max. 2a=0.007 mm. Towards 
the very end, the period was 1.05 sec. 

Transverse Component. [Preliminary .and principal portions: 
duration=37.7 sec.] The motion was practically nil for the 1st 
3.6 sec., after which took place a SSE’ward displacement of 
0.0048 mm (duration=1.2 sec.) corresponding to the 1st, or in- 
ward, movement of the “initial vibration” in the longitudinal 
component. The two next displacements, respectively of 0.025 
and 0.035 mm formed a slow vibration of T=2.57 sec. For the 
next 10.1 sec., there were 7 slow vibrations of T=1.44 sec., 
(with some superposition of small quick movements), the last 
having the max. 2a of 0.052mm. Then there took place a slight 
. quickening of period, and, for the next 7.8 sec., the motion was 
most active, being composed of 8 regular vibrations of T=0.98 
sec., max. 2a=0.073 mm. For the remaining 12.8 sec. of the 
principal portion, the motion was nearly uniform: T=1.16 sec., 
max. 2a=0.048mm. [End portion.] During the 1st 17.4 sec., 
the vibrations were regular: T=1.03 sec., max. 2a=0.017 mm. 
Thereafter the motion became much smaller. 

Comparison of Longitudinal and Transverse Components. The 


introductory small motion phase lasted in the transverse component 
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3.6 sec., or 1.7 sec. longer than in the longitudinal. The two 
displacements composing the “initial vibration” were much 
greater in the latter than in the former, the resultants being 
0.038 mm toward 855° W and 0.068 mm toward N40°E. Thus, in 
the present case, the directions of the “inward” and the “ out- 
ward’? movements deviated leftwards from the line joining the 
observing place with the crater centre respectively by the amounts 
of 7° and 22°. In the transverse component, large (absolute 
maximum) regular vibrations set in 17.2 sec. after the earthquake 
commencement, while in the longitudinal component there was in- 
the same epoch no marked corresponding amplification of the 


vibrations. 


CHAPTER V. STRONG ASAMA-YAMA EXPLOSIONS 
OBSERVED AT ASHINO-TAIRA.* 
[TREMOR-RECORDER DIAGRAMS. ] 

40. Explosion of Sept. 21st, 1913, at 1.50.59 pm. Total 
duration=97 sec. 

Longitudinal Component. [Preliminary and principal portions : 
duration=24.8 sec.] The preliminary motion of 0.0025 mm (dura- 
tion=0.49 sec.) was followed by the “initial vibration” of 
T=2.2 sec., composed of the Ist or inward displacement of 
0.030 mm (duration=0.97 sec.), and of the 2nd or outward dis- 
placement of 0.077 mm (duration=1.22 sec.). The latter was 
followed by the inward and maximum 2a of 0.093 mm, the two 
together forming a well defind vibration of T=2.43 sec. Then 
followed a slow outward displacement (duration=2.1 sec.) of 
0.057 mm. So far, for the first 6.1 sec. the motion was gentle, 


there being practically no superposition of the quick movements. 


* The times of occurrence of the explosions considered in this chapter are those registered 
by a tremor-recorder at Ashino-taira. 
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For the next 14.5 sec., the motion was composed of the vibrations 
of T=1.04 sec, and max. 2a=0.034mm, mixed with quick 
movements of T=0.36 sec., and of max. 2a=0.020mm. During 
this interval, there appeared 4 pendulum oscillations of period of 
3.6 sec., and of maximum range of about 0.017 mm. The subsequent 
motion was smaller. [Sound Shock.] The maximum quick vibra- 
tions, which occurred 14.0 sec. from the earthquake commence- 
ment, or 12.5 sec. after the end of the 1st displacement of the 
‘initial vibration,” may possibly denote the effect of the sound 
shock. [End portion.] The motion consisted of regular vibrations 
of T=1.45 see., 2a=0.0048 mm, mixed with traces of small quick 
movements. 

Transverse Component. [Preliminary and principal portions : 
duration=23.3 sec.] The motion was very small for the 1st 1.8 
sec., after which a left-hand side displacement of 0.0048 mm 
(duration=0.66 sec.) took place, followed by the counter motion 
of 0.015 mm (duration=0.66 sec.). For the next 4.3 sec. there 
were 1$ slow oscillations of T=2.9 sec., of which the max. 2a of 
0.064 mm occurred 6.2 sec. after the commencement, these being 
mixed with smaller movements of T=1.2 sec. During the rest of 
the principal portion, the motion was much smaller and consisted 
of the vibrations of T=0.87 sec., 2a=0.014 mm, mixed with 
some slower movements. [End portion.] Max. 2a=0.0044 mm. 
The effect of the detonation was not indicated. 

41. Explosion of Oct. 9th, 1913, af 1.09.10 adam. Total dura- 
tion=70 see. 

Longitudinal Component. The preliminary outward motion, 
was very small (0.0011 mm) and lasted 0.52 sec. The “ initial 
vibration,” of T=2.3 sec., was composed of the 1st and 2nd_ dis- 


placements respectively of 0.0045mm (duration=1.06 sec.) and 
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0.0175mm (duration=1.21 sec.). Then there followed another 
slow vibration of T=2.6 sec., composed of the 1st and 2nd dis- 
placements respectively of 0.021mm (duration=1.5 sec.) and 
0.011 mm (duration=1.1 sec.). So far, for the Ist 5.6 sec., the 
motion was slow and free from superpositions of smaller move- 
ments. Then there appeared quick vibrations of T=0.31  sec., 
which were small for the 1st 0.96 sec. (2a=0.002 mm), then 
became larger (2a=0.0076 mm), and reached the max. 2a of 
0.0175 mm after 0.9 sec., or 7.4 sec. from the earthquake com- 
mencement. For 15.3 from the moment of appearance of these 
quick movements, there were mixtures of slow vibrations of T= 
1.4 sec. (2a=0.011 mm), and other ones. During the rest of the 
earthquake, the motion consisted of regular vibrations of T=1.2 
sec., 2a=0.0018 mm, mixed with traces of quick movements. 

Transverse Component. During the 1st 14.1 see. the motion 
consisted of slow vibrations of T=1.6 sec. (2a=0.008 mm) mixed 
with some smaller ones. During the next 12.9 sec., small vibra- 
tions of T=0.38 sec. were mixed with the slower ones of T=0.9 
sec. (2a=0.0028 mm). Thereafter the movements became regular: 
T=1,12esec,,2a==0,0011 mm, 

42. Explosion of Oct. 15th. 1913. at 10.43.13 pam. Total 
duration=1" 34°. 

Longitudinal Component. The very small preliminary outward 
motion of 0.0015 mm (duration=0.5 sec.) was followed by the 
‘initial vibration’ of T=2.2 sec., composed of the Ist and 2nd 
displacements respectively of 0.009 mm (duration=1.05 sec.) and 
of 0.0835 mm (duration=1.15 sec.). The effect due to the sound 
shock, which arrived 14.4 sec. after the commencement of the 
motion, or 12.8 sec. after the stage corresponding to the moment 


of the explosion, was markedly larger than the proper earthquake 
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vibrations, being active (2a=0.065 mm) for 1.15 sec., and lasting 
for further 1.15 sec. The subsequent motion was small. 

Transverse Component. The principal vibration periods was 
T=1.01 sec. (max. 2a=0.0206mm). The sound effect (max. 
2a=0.0225 mm), which occurred 14.3 sec. after the commence- 
- ment, lasted 1.7 sec. 

43. Explosion of Oct. 17th, 1913, at 3.27.47 pom. Total 
duration=1™ 56°. 

Longitudinal Component. [Preliminary and principal portions : 
duration=21.8 sec.] The earthquake began with an inward dis- 
placement of 0.0076mm (duration=1.5 sec.), followed by the 
counter motion of 0.0383 mm (duration=1.2 sec.). For the next 
12.8 sec. there were 4 large slow vibrations of T=3.2 sec., max. 
2a=0.0663 mm, with superposition of some quicker movements. 
During the rest of the principal portion, the motion decreased. [End 
portion]. The motion was composed of the vibrations of T=1.47 
sec. (2a=0.0024 mm), mixed with those of T=1.05 sec., and others. 

Both before and after the earthquake, there were small 
vibrations of T=3.6 sec., max. 2a=0.0012 mm. 

Transverse Component. [Preliminary and principal portions: 
duration=16.6 sec.] The preliminary displacement was very 
small and lasted 1.2 sec, after which took a SSE’ward dis- 
placement of 0.0018 mm (duration=0.5 sec.). During the whole 
remainder of the principal portion, the motion was made up of 
the vibrations of T=1.35 sec., of which the maximum one of 
0.038 mm occurred 10.1 sec. after the commencement of the earth- 
quake; these being grouped into slow oscillations of T=3.8 sec. 
[End portion.] The vibrations of T=1.3 sec. (2a=0.0053 mm) 
were mixed with others. The period of the pulsatory oscillations 
before and after the earthquake was about 3.8 sec. 
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44. Explosion of Oct. 22nd, 1913. at 3. 55.42 am. Total 
duration=1" 44°, 

Longitudinal Component. [Preliminary and principal portions : 
duration=17.2 sec.] The preliminary motion lasted 1.0 sec. and 
was practically nil. Then took place the ‘ initial vibration” of 
T=2.2 sec., composed of the Ist and 2nd displacements respec- 
tively of 0.0012 mm (duration=0.9 sec.) and 0.0069 mm (duration 
=1.3 sec.). For the next 11.4 sec., there were 6 vibrations of 
T=1.9 sec., of which the 3rd had the greatest 2a of 0.0275 mm, 
and which were grouped into those of double period; the quick 
superposed movements appearing from about 4.4 sec. after the 
commencement till the end of the epoch here considered. For the 
next 9.7 sec., the motion was composed of the quickly decreasing 
vibrations of T=0.88 sec., the Ist of which had the max. 2a of 
0.0218mm. The subsequent portion of the earthquake motion 
was composed of the vibrations of T=2.1 sec. (2a=0.0042 mm), 
mixed with those of T=0.98 sec. 

Transverse Component. [Preliminary and principal portions: 
duration=19.4 sec.] The motion was very small during the 1st 
1.9 sec. During the next 8.3 sec. there were 3 gradually increas- 
ing vibrations of T=2.8 sec., and of max. 2a=0.0206 mm, there 
being superpositions of quicker movements. During the rest of 
the principal portion the vibrations were smaller: T=0.73 see., 
T=1.4 sec. In the end portion, the vibrations of T=1.9 sec. 


(max 2a=0.0012 mm), were mixed with quicker ones. 
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CHAPTER VI. STRONG ASAMA-YAMA EXPLOSIONS 
OBSERVED AT YUNO-TAIRA.* 

45. Explosion of May 16th, 1918, at 4. 41.00 pan. — Accord- 
ing to Mr. Kurosaka, this strong explosion was felt at the Yuno- 
taira observatory as a loud detonation like that of a gun discharge, 
which shook the building for 1 or 2 see., being followed for about 
8 min. by rushing sounds like that of a violent gush of wind, al- 
though it had then been almost perfectly calm. The thick snow fall 
at the time of the eruption prevented the condition of the moun- 
tain being ascertained. Mr. Kurosaka ascended to the mountain 
top on the 19th and found the Muken-dani and the slope of the 
central cone covered by light masses of yellow-brownish lava 
fragments, while there were several new solid rock pieces, 1 foot 
or so in diameter, which were projected as far as the lower 
part of the Yuno-taira plateau, charring the grasses on which 
they fell. 

Tromometer Diagram : Longitudinal Component. Total duration 
=95 sec. [Preliminary and principal portions : duration=28.5 sec. ] 
The preliminary displacement was 0.0051 mm. (duration=0.26 sec.) 
away from the mountain. Then followed a large displacement of 
0.070 mm toward the origin, and the counter motion of 0.102 mm 
away from the latter, these two forming the “ initial,’ and at the 
same time, maximum vibration of T=1.52 sec. For the next 
14.7 sec., the motion remained active (max. 2a—0.059 mm), and 
consisted of the vibrations of T=1.47 sec. mixed with those of 
T=0.61 see., and others still quicker. During the remaining 10.5 
sec. of the principal portion the motion became small. 

46. Explosion of May 27th, 1913, at 5. 22.57 am. At the 


* The times of occurrence of the explosions considered in this chapter are those registered 
by the tromometers at the Yuno-taira observatory. 


92 F. Omori: 


Yuno-taira observatory, a loud detonation was heard at about 
5, 23. 04 a.m., while the time of the earthquake occurrence indi- 
cated in the tromometer diagrams was 5. 22.57 a.m. As it was 
then heavily raining and deeply misty, the condition of the moun- 
tain could not be ascertained. At Naganohara, a violent detona- 
tion like a gun discharge shook the houses strongly, causing 
damage to earthenwares which were thrown down from shelves. 
At Kusatsu, the sound was loud and produced much horizontal 
shakings of the houses. The sound was also heard at Komoro 
and Karuizawa. 

(i) Tromometer Diagram: Longitudinal Component. Total dura- 
tion=73 sec. [Preliminary and principal portions: duration=29.4 
sec.] The 1st displacement, which was perfectly sudden, was 
0.045 mm toward the monntain top, followed by the counter 
displacement of 0.062mm, directed away from the latter; these 
two making up the slow and maximum ‘initial vibration” of 
T=1.3 sec. For the next 1.45 sec., the motion was small, being 
composed of 4 vibrations of T=0.36 sec., max. 2a=0.0096 mm, 
mixed with a slow motion. These were followed by three vibra- 
tions of T=1.3 sec., the Ist of which had the max. 2a of 
0.039 mm; there being mixture of small movements of T=0.4 sec. 
Then, 6.0 sec. from the end of the 1st displacement of the ‘ initial 
vibration,” there began quick vibrations of T=0.44 sec., max. 
2a=0.037 mm, which were probably due to the effect of the 
sound shock, and which remained active for 7.1 sec. During the 
remaining 15.6 sec. of the principal portion, the motion was 
smaller: 2a=0.0126 mm. 

(i1) Tremor-recorder Diagram: Transverse Component. The 
principal portion lasted 21 sec. and consisted, during the first 


6.7 sec., of regular vibrations of T=1.44 sec., max. 2a=0.054 mm. 
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Thereafter set in the mixture of quick movements which were due 
to the sound shock. . 

47. Explosion of May 29th, 1913, aé 10. 44. 12 a.m. The 
eruption consisted of a strong explosion, not much inferior in intensi- 
ty to those on May 8th and Oct. 22nd, 1911, and threw outa con- 
siderable amount of rock fragments around the crater to a radial 
distance of about 2km; large hot pieces more than 14% ft. in 
dimension, which fell at the foot of the Maikake-yama, charring 
the grasses and trees struck under them. In several cases the rock 
fragments of the size of a fist, which fell in the upper part of 
the Yuno-taira plateau, produced patches of burnt area to a 
maximum extension of about 7 metres diameter. According to 
Mr. Kurosaka, the detonation was at Yuno-taira very loud and 
suddenly shook the building, which continued to make slight 
movements for about 20 sec. Simultaneously a column of black 
smokes rose from above the thin layer of mists shrouding the 
mountain, accompanied by rushing sounds. The mists cleared off 
after one minute or so, when smoke column was observed con- 
tinuing its ascent, while the rock fragments, which had fallen on 
the mid-slope of the Maikake-yama were in four or five points 
issuing white steams for 30 to 60 minutes. The sounds ceased 
after 5 min., all being restored to the normal state in 10 min. 

This eruption was the third among the numerous outbursts 
since 1909, which was attended by fatal accident. Two young 
men, of the town of Murota, Gumma prefecture, who ascended the 
. mountain on the same morning from Karuizawa, met the explosion 
and were struck by the stone fragments projected from the crater 
when they reached the Kenga-mine, the remnant of the old crater 
wall on the E. side, or the continuation of the Maikake-yama. One 


of them was severely wounded yet able to run down to the Waka- 


94. F. Omori: 


sare Cottoge, while, the other was killed on the spot in con- 
sequence of the blows received on leg and neck. There were 
at the time of the eruption also a party of seven gardeners, 
who were collecting dwarf plants at the Tengu-no-roji. No sooner 
had they been startled by the loud detonation, than there fell 
ashes and hot rock fragments as large as fist. They ran for life 
towards the observatory and were able to reach a place outside 
the limit of the stone precipitation. | 

Tromometer Diagram: Longitudinal Component. Total duration 
=90 sec. [Preliminary and principal portions: duration=36.3 sec. } 
The earthquake began with a very small preliminary motion of 
0.0023 mm (duration=0.16 sec.) directed away from the mountain. 
Then followed two large displacements of 0.048 and 0.098 mm, 
directed respectively toward and away from the origin, together 
making up the slow and maximum “ initial vibration’ of T=2.65 
sec,, mixed with those of T=0.44 sec. (max. 2a=0.028 mm). For 
the next 20.0 sec., the motion gradually decreased, consisting of 
Slow vibrations of T of about 1.6 sec. (max. 2a=0.011 mm), 
mixed with quick movements of T=0.34 sec. (max. 2a=0.008 
mm). The occasional groups of quick vibrations which occurred 
during this last phase of motion, at 24.2; 26.0; 27.8; 29.0: 
31.0 sec. from the commencement of the earthquake, may possibly 
denote a series of small eruptions which followed the principal 
one. The sound shock occurred 7.0 sec. from the commencement, 
or 5.9 sec. after the end of the Ist displacement of the initial 
vibration. In Fig. 52 is also reproduced the vertical motion 
diagram, in which the vibrations were very small. 

48. Explosion of June 13th, 1913. at WU. O01. 16 pm At 
Yuno-taira, there were perceived first rushing sounds, followed after 
a short time interval by a loud detonation like a gun discharge, 
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the shakings of the building continuing for a few seconds. The 
smokes issuing from the crater threw out bright glowing lava pieces, 
and continued red like a distant conflagration for about 30 minutes. 

Tromometer Diagram: Longitudinal Component. Total dura- 
tion=72 sec. [Preliminary and principal portions: duration=23.2 
sec.] This was a comparatively small disturbance, whose ‘“ initial 
vibration’? was not definitely indicated. The motion was active 
during the 1st 13.4 sec., in which the principal period was 0.56 
sec. (?), with mixture of other periods, the max. 2a of 0.020 mm 
having taken place 8.0 sec. after the commencement. During the 
remaining 9.8 sec., of the principal portion, the motion was smaller: 
2a=0.0057 mm., T=0.4 sec. 

49. Eaplosion of June 17th, 1913, at 10.47. 41 pam. This 
eruption of the Asama-yama, which had been quiet during the day 
time of the 17th, was very strong; at Yuno-taira, the detonation 
being excessively loud and shaking the observatory building 
violently. The whole slope of the Maikake-yama was instantly 
covered by red hot lava fragments, while the volcanic sounds and 
the noises caused by the falling projectiles were almost deafening. 
The effects of the light scintillation caused by the air currents and 
the hot materials were striking, such that the observer, Mr. J. 
Nishizawa, believed a torrent of lava and a ‘ volcanic avalanch”’ 
were actually descending down the Maikake-yama toward the 
observatory, appearing to give no chance of escape to the inmates 
of the latter. The luminous lava pieces projected with consider- 
able force from the crater, which looked like groups of shooting 
stars, passed overhead to places beyond the observatory, on whose 
roof were showered small lava fragments like hails. Some of the 
rock blocks which fell in the vicinity of the observatory and were 


partially buried in earth were found to glow red for over 15 
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minutes. Holes, about 3 metres in diameter, were formed at 
Yuno-taira. (See also § 6.) 

(i) Unfortunately the tromometer, which was not in a good 
working order, registered only the commencement of the disturb- 
ance. It began with a small but distinct outward motion of 
0.004mm, followed by the “ initial vibration’? composed of the 
inward and the outward displacements respectively of about 0.051 
and 0.11mm, the latter being mixed with quick movements. 

(ii) Tremor-Recorder Diagram. Total duration=120 sec. 

Longitudinal Component. [Preliminary and principal portions : 
duration=34.2 sec.] The preliminary outward motion was 0.004 
mm (duration=0.37 sec.). The two displacements of the “ initial 
vibration’ of T=2.8 sec. were respectively 0.053 mm (duration 
=1.0 sec.) and 0.11 mm (duration=1.8 sec.). The disturbances 
(greatest 2a=0.11 mm) due to the sound shock began to occur about 
7.6 sec. after the earthquake commencement, or 6.2 sec. after the end 
of the Ist displacement of the “ initial vibration”; the super- 
position of quick movements becoming thereafter very pronounced. 
The appearance of a new maximum group of these latter 23.7 sec. 
after the earthquake commencement was probably due to the effect 
of large lava blocks falling in the vicinity of the observatory. 

Transverse Component. [Principal portion: duration=38.6 sec.] 
During the Ist 7.8 sec., the motion was comparatively small and 
simple: T=1.52 sec., max. 2a=0.063 mm. The interval between 
the moments of appearance of the effects due to the sound-shock 
and of the impact of the falling lava blocks was 16.1 sec., 
result in a perfect accordance with the longitudinal component 
register. The greatest 2a was 0.093mm. [End portion.] At first 
there were vibrations of T=1.45 sec., 2a=0.004 mm. 

50. Explosion of June 18th, 1913, at 6. 21. 03 am. At 
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Yuno-taira the building was shaken, a column of black smokes, 
unattended by a detonation, being ejected from the crater. At 
Naganohara a detonation was heard. 

Tromometer Diagram: Longitudinal Component. Total dura- 
tion=113 sec. [Preliminary and principal portions: duration=24.0 
sec.] The earthquake began with a slow inward displacement 
(duration=3.5 sec.), which were mixed with small movements of 
T=0.78 sec., 2a=0.0014mm and may be taken as comprising 
the preliminary tremor (about 1.5 sec. in duration) and the 1st 
displacement of the “ initial vibration.” The 2nd displacement of 
the latter was 0.0297 mm, and followed by a third slow motion 
of 0.0545mm, these two being mixed with quick movements of 
T=0.39 sec., and together forming an oscillation of T=4.9 see. 
For the next 8.2 sec., the motion was made up of quick regular 
vibrations of T=0.47 sec., the max. 2a of 0.0248 mm having taken 
place 11.8 sec. after the commencement of the earthquake. During 
the remaining 7.6 sec. of the principal portion, the motion was 
much smaller: principal T=0.84 sec., 2a=0.0046 mm. [End 
portion.] Principal T=1.0 sec., 2a=0.003 mm. 

51. Explosion of June 20th, 1913, at 4.06.47 am. This 
was a comparatively small eruption. At Yuno-taira a deto- 
nation was heard, red hot lava fragments having been thrown 
out of the crater. According to the tremor-recorder diagram, the 
total duration was 94 sec., while the duration of the principal 
portion in the longitudinal and transverse components were 
respectively 11 and 7.8 sec. The two displacements of the 
‘initial vibration,” preceded by no preliminary portion, were 
0.01 and 0.025 mm. In the transverse component, the movements 
in the principal portion were regular: T=1.18 sec., max. 2a= 
0.02 mm. 
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52. Explosion of June 24th, 1913, af 11. 37. 34 a.m. The 
eruption consisted in a vertical ejection of black smokes, whose 
sound was, at Yuno-taira, like that of strong wind, the building 
being at the same time slightly shaken. 

Tromometer Diagram: Longitudinal Component. ‘Total duration 
=88 sec. [Preliminary and principal portions: duration=12.2 sec. ] 
The preliminary motion was not shown, the earthquake beginning 
with the ‘initial vibration” of T=1.8 sec. composed of the Ist, 
or inward, displacement of 0.014 mm, and the 2nd, or outward, 
one of 0.0398mm. The latter and the succeeding 44 vibrations 
of T=0.37 sec., 2a=0.0174 mm, form together a slow oscillation 
of T=2.3 sec., 2a—0.048 mm. Then took place three slower 
vibrations (2a=0.015 mm) lasting together about 1.4 sec., when 
began the conspicuous quick movements of 2a=0.029 mm. Supposing 
these latter to be the effect of the sound shock, the interval 
between the arrivals of the latter and the end of the Ist displace- 
ment of the “ initial vibration” comes out to be 4.1 sec. For the 
remaining 6.7 sec. of the principal portion, the motion was com- 
posed of the vibrations of T=0.36 sec., 2a=0.017 mm, mixed 
with those of T=1.1 sec., 2a=0.023 mm. [End portion.] During 
the Ist 19.3 sec., the motion was composed of the vibrations of 
of T=1.6 sec., max. 2a=0.0025mm, mixed with the quicker 
ones of T=0.77 sec., max. 2a=0.0027mm. Thereafter the motion 
was much smaller: T=1.2 sec. 

53. Explosion of June 26th, 1913, af 8. 09. 40 am. At 
Yuno-taira the detonation was very loud, and the lava - fragments 
which were thrown down on the slope of the Maikake-yama 
caused temporary conflagrations among the forests. Some of the 
fallen rock pieces continued to issue white smokes or vapours for 


about 30 minutes. At the base of the Asama-yama about 2 km 
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to the NE of Komoro, the present author heard the detonation, 
composed of two sounds, which were only moderately loud and were 
separated by a time interval of about 0.5 sec. It is likely that the 
mountain slope forms a sort of shadow region, where the detonations 
are heard only with diminished intensity, or even not heard at all. 

Tromometer Diagram: Longitudinal Component. Total dura- 
tion=115 sec. [Preliminary and principal portions: duration= 
16.2 sec.} The very small preliminary motion of 0.0007 mm 
(duration=0.47 see.) was followed by the “initial vibration” of 
T—1.74 sec., composed of the lst, or imward, displacement of 
0.021mm, and the 2nd, or outward, one of 0.0403 mm. Then 
followed a smaller well defined vibration of T=1.36 sec., and 
2a=0.021 mm (duration=0.86 sec.) and a slow (inward) motion 
of 2a—0.036 mm; these forming, together with the 2nd displace- 
ment of the “ initial vibration,’ an oscillation of T=3.0 sec., 2a= 
0.045 mm. For the next 4.2 sec., the motion was nearly uniform, and 
composed of the vibrations of T=0.71 sec., max. 2a=0.0162 mm; the 
most conspicuous movement of 2a=0.0184mm, which may denote 
the effect of the sound shock, occurring at the end of this interval, 
or 6.6 sec. after the end of the 1st displacement of the ‘ initial 
vibration.” During the remaining 7.5 sec. of the principal portion, 
the motion was smaller: T=0.63 sec., max. 2a=0.0134 mm. 
[End portion.] During the Ist 9.2 sec., the motion was compara- 
tively large, and composed of the vibration of T=1.4 sec., 
max. 2a=0.0018 mm, mixed with small quicker ones of T=0.75 
sec. Thereafter the motion was smaller. 

54. Explosion of June 26th, 1913, af 11. 41.59 p.m. The 
author, who was staying at the time in the observatory of Yuno- 
taira, was aroused from sleep by the violent detonation, whose time 


moment noted from a watch near by was 8 sec. after the arrival 
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of the earthquake motion indicated by the tromometer, and which 
may be likened to a loud thunder or artillery peal of some dura- 
tion, causing sharp rattlings and shakings of the building. When 
he rushed out of doors, after having noted the time from 
the watch, the Maikake-yama, which was covered by thick 
mists, was enveloped in a pink light, while the lava fragments 
projected down there were glowing like huge stars or white gas 
lights at a distance. The smokes became obscure rather abruptly 
1™ 40° after the arrival of the detonation, although the rushing 
sounds were heard for 2 minutes longer. 

Tromometer Diagram: Longitudinal Component. Total dura- 
tion=150 sec. [Preliminary and principal portions: duration= 
28.9 sec.] The very small preliminary motion of 0.0008 mm 
(duration=0.37 sec.) was followed by the conspicuous “ initial 
vibration,’ of T=2.3 sec., composed of the 1st, or inward, dis- 
placement of 0.064 mm, and the 2nd, or outward, one of 0.093 mm. 
The latter and the succeeding 5$ vibrations of T=0.89 sec., and 
max, 2a=0.041 mm, form together a slow oscillation of T=5.8 
sec. and of 2a=0.140mm. ‘Then set in a slow pendulum motion 
(T=15.2 sec.) of, the steady mass of the seismograph, the quick 
superposed vibrations, to be supposed to be the effect of the 
“sound shock,” becoming at the same time very conspicuous and 
continuing active for 8.5 sec.: T=0.59 sec., max. 2a=0.083 mm. 
The time interval between the end of the 1st displacement of the 
“initial vibration” and the appearance of the sound shock was 
about 6.1 sec. During the remaining 13.2 sec. of the principal 
portion, the motion consisted of vibrations of T=0.75 sec., 2a= 
0.023 mm. [End portion.] The motion was composed of the 
vibrations of T=2.2 sec., 2a=0.0065mm, mixed with the small 


movements of T=0.79 sec. 
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55. Explosion of July 7th, 1913, at 7. 10. 32 a.m. At Yuno- 
taira, a detonation of short duration caused some shakings of the 
glass doors and of the building. The black smokes rose high up 
in a vertical column presenting a magnificent sight. The eruption 
force was, however, comparatively weak, there being apparently 
no precipitation of lava masses on the Maikake-yama. 

Tromometer Diagram: Longitudinal Component. Total duration 
=78 sec. [Preliminary and principal portions: duration=12.4 sec. ] 
The preliminary displacement was 0.0009 mm, directed outwards. 
The “initial vibration’ of T=1.48 sec. was composed of the 
inward motion of 0.017 mm (duration=0.7 sec.) and the outward 
motion of 0.08387 mm (duration=0.78 sec.). For the next 4.0 sec., 
there were 3 slow vibrations of _—T=1.33 sec, 2a—0.022 mm, 
mixed with smaller movements. For the remaining 6.7 sec. of 
the principal portion, the motion was composed of nearly equal 
vibrations of T=0.4 sec., 2a=0.019mm, more or less grouped 
into the traces of slower movements of T=1.34 sec. [End portion. ] 
During the Ist 7.6 sec.: T=0.85 sec., max. 2a=0.009 mm. During 
the next 7.2 sec., the motion was smaller, T=0.72 sec., max. 2a 
=(0.005mm. The subsequent portion was very small. 

56. Explosion of July 7th, 1913, at 9. 46.53 pm. At Yuno- 
taira, a detonation caused shakings of the building. As the cloud 
layers were high, although it was raining at the time, the smokes 
were seen wholly ablaze. The glowing lava fragments fell only 
around the crater and did not reach to the slope of the Maikake- 
yama. For about 15 minutes, the mountain top presented a sight 
like a distant conflagration. 

(i) Tromometer Diagram: Longitudinal Component. Total dura- 
tion=126 sec. [Preliminary and principal portions : duration=15.1 


sec.] The earthquake began with a preliminary motion of 0.0019 
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mm (duration=0.47 sec.) and the “ initial vibration”? of T=1.61 
sec., composed of the Ist (inward) and 2nd (outward) displace- 
ments respectively of 0.036 and 0.08 mm. For the next 2.1 sec., the 
motion was small, comprising a vibration of T=0.93 sec., 2a= 
0.019 mm, and a few quick movements (2a=0.019 mm). For the 
next 7.6 sec. the motion became active, and was composed of the 
slow vibrations of T=1.12 sec., 2a=0.031 mm, mixed with those 
of T=0.40 see., whose maximum (2a=0.045 mm) occurred 9.2 
sec. after the earthquake commencement. For the remaining 3.3 sec. 
of the principal portion, the motion was much smaller: T=0.35 sec., 
2a=0.021mm. The effect of the sound shock was not clear. 
[End portion.] During the 1st 12.1 sec., the motion was com- 
paratively large and consisted of slow vibrations of T=1.85 sec., 
2a=0.0058 mm, divided into movements of half-period and others. 
Thereafter, the motion was smaller, the T being 0.81 sec. At 4.8 
and 6.7 sec. from the commencement of the end portion there 
took place single sudden quick vibrations, each of 2a=0.010 mm. 
These might be due to small after-explosions. 

(ii) Zremor-recorder Diagram: Longitudinal and Transverse 
Components. The preliminary motion was 0.0019 mm _ directed 
away from the crater, accompanied by a slight trace of movement 
toward the N20°W. The two displacements of the “ initial vibra- 
tion” of 0.086 and 0.08mm, were combined respectively with 
those of 0.004 and 0.017 mm in the transverse component, the 
resultants being 0.036mm toward the N 63° E and 0.082 mm 
toward the 8 60° W. The maximum slow vibration in the trans- 
verse component occurred 2.9 sec. after the earthquake commence- 
ment, i.e., its beginning coincided with the end of the “ initial 
vibration’ in the longitudinal. 

57. Explosion of July Sth, 1913, at 5. 25. 25 am. This ex- 
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plosion was a little larger than that on the preceding evening. At 
Yuno-taira there was heard a detonation, which caused shakings 
of the building, and for 5 sec. could be heard the noises arising 
from the fall of lava fragments on the slope of the Maikake- 
yama. At the time, the mountain was shrouded in thick mists. 
Tromometer Diagram: Longitudinal Component. Total dura- 
tion=50 sec. [Preliminary and principal portions: duration=22.5 
sec.] The earthquake began with a very small preliminary outward 
movement of 0.0017 mm (duration=0.29 sec.) and the ‘ initial 
vibration” of T=1.95 sec. composed of the Ist (inward) and 2nd 
(outward) displacements respectively of 0.046 and 0.088 mm. For 
the next 4.4 sec., the motion was small and consisted approximately 
of 4. irregular vibrations of T=1.11 sec. (max. 2a=0.03 mm) 
mixed with quick movements of T=0.27 sec., and’ 2a=0.014 mm. 
Then took place suddenly a large vibration (absolute maximum) of 
T=1.41 sec., which was composed of the Ist (inward) and the 
2nd (outward) displacements respectively of 0.089 and 0.13 mm. 
If this maximum motion be supposed to be the effect of the sound 
shock, the time of its appearance was 6.9 sec. after the earthquake 
commencement, or 5.7 sec. after the end of the Ist displacement 
of the ‘ initial vibration.” Then there followed 5 others of T= 
1.05 sec. (max. 2a=0.105 mm), together making up a phase of 
greatest activity of 6.7 sec. duration. The 2a of the maximum 
superposed quick vibrations was 0.042 mm. For the remaining 
9.1 sec. of the principal portion, the motion was much smaller but 
nearly uniform, consisting of well defined quick vibrations of 
T=0.27 sec., and 2a=0.029 mm, mixed with slow movements of 
T=1.14 sec., and 2a=0.017 mm. [End portion.] Duration=about 
27 sec. The motion consisted of regular vibrations of T=0.82 


gec., and max. 2a—0.012:'mm. 
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58. Explosion of July 13th, 19138, at 4.01.19 pom. Since the 
morning the weather was clear and calm, and the Asama-yama 
continued perfectly quiet, giving out only a slight amount of white 
vapours, till the occurrence of the strong explosion in question. 
The lava fragments projected out with considerable force caused for 
20 or 80 minutes conflagrations among the vegetation at the southern 
slope leading down to the village of Shiono and, at Yuno-taira 
side, as far down as the vicinity of the observatory, where several 
patches of the grass-covered ground were set on fire. My assis- 
tant, Mr. T. Kato, and the police constable of Komoro, Mr. Ogawa, 
who were engaged at the time in the search for the rumoured cracks 
supposed to have been formed on the upper part of the southern 
side of the Asama-yama, experienced a very narrow escape, having 
met the explosion at a place only about 14 km from the top and 
near the upper boundary of the low tree forest zone. On hearing 
the detonation, they crept down at once behind a large rock block, 
when the lava fragments were already falling thickly around 
them, setting the trees and grasses on fire, while several were pro- 
jected over their heads with booming noise. The precipitation of 
the hot stone pieces continued for some time interval, during 
which the two intrepid men managed alternately to run and to seek 
shelter behind the trees. The eruption ceased after they had thus 
changed the place of concealment 3 times successively into the 
forest. Mr. Ogawa had the good fortune of receiving no injury, 
although at one time a lava projectile passed between his legs, 
while Mr. Kato had his toe slightly hit by a small burning rock 
fragment. The latter gentleman recollects that the detonation was, 
at the spot where he found himself then, not much louder than 
the noon-gun in Tokyo heard at the distance of 4 or 5 km, being 
evidently the shade-effect of the mountain slope. After the ex- 
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plosion, the mountain became again quiet, but threw out large 
quantity of white smokes. 

(i) TZromometer Diagram: Longitudinal Component. Total 
duration=138 sec. [Preliminary and principal portions: duration 
=26.8 sec.] The preliminary outward motion was 0.002 mm, 
(duration=0.67 sec.). The Ist, or inward, displacement of the 
‘initial vibration’? of T=3.0 sec., was 0.053 mm (duration=1.3 
sec.) and free from superposition, while the 2nd, or outward, dis- 
placement was 0.123mm (duration=1.7 sec.) and was mixed in 
its later course with two small movements, which began to appear 
3.4 sec. from the commencement. Then there took place a slow 
inward displacement of 2a=0.141mm (duration=5.4 sec.), on 
which were mixed smaller vibrations of T=1.1 sec., 2a=0.031 
mm; at the end there were also some quicker movements, probably 
denoting the effect of the sound shock which appeared first 8.7 
sec. after the commencement of the earthquake, or 6.3 sec. after 
the end of the 1st displacement of the ‘initial vibration.” The 
next slow (outward) displacement, of 2a=0.126 mm, lasted 6.3 
sec., during which the superposed quick vibrations were most 
active: T=0.33 sec, 2a=0.053mm. During the remaining 10.9 
sec. of the principal portion the motion was smaller and consisted 
of quick vibrations of T=0.26 sec., 2a=0.025 mm, mixed with 
those of T=0.65 sec. [End portion.] The motion was throughout 
extremely small, consisting, during the Ist 13.1 sec., of minute 
vibrations of T=0.29. sec., 2a=0.0012 mm, mixed with those of 
T—0.53 sec., 2a=0.0028 mm, and some others. Thereafter there 
were also some vibrations of T=0.70 sec. 

(ii) Zremor-recorder Diagram: Longitudinal and Transverse 
Components. The very 1st displacement was 0.0022 mm away from 
the crater, and 0.0018 mm toward N 20°W, giving the resultant 
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motion of 0.0027 mm directed toward N70° W. In the longitudinal 
component, the preliminary portion lasted 0.64 sec.; while in the 
transverse, it lasted 2.35 sec. The Ist displacement (=0.053 mm) 
of the “ initial vibration” corresponded to a complete vibration in 
the transverse component, which consisted of the two movements 
of 0.0029 and 0.0072mm. Again, the 2nd displacement of the 
‘initial vibration,’ which was 0.123 mm, corresponded to a com- 
plete vibration in the same component consisting of the two 
movements of 0.0054 and 0.031 mm. In the transverse component, 
the maximum vibration of 0.047 mm occurred 8.5 sec. after the 
earthquake commencement. 

59. Explosion of July 18th, 1913, at 2. OS. 34 am. At 
Yuno-taira, the observer, Dr. K. Aomi, was aroused from sleep by 
the detonation. The burning lava fragments which fell on the 
Maikake-yama were glowing through the mists which surrounded 
the latter. 

Tromometer Diagram: Longitudinal Component. ‘Total dura- 
tion=148 sec. [Preliminary and Principal portions: duration= 
25.9 sec.] The diagram is almost perfectly identical with that 
of the explosion on July 13th. The preliminary motion of 0.0019 
mm (duration=0.29 sec.) was followed by the “initial vibration,” 
of T=2.2 sec., composed of the 1st, or inward, displacement of 
0.054 mm, and of the 2nd, or outward, one of 0.116mm. The 
latter and the succeeding 43 vibrations of T=0.80 sec., and 
max. 2a=0.062 mm, may be regarded as together forming a slow 
oscillation, of T=4.55 sec., and 2a=0.134mm. Then set in a 
slow pendulum oscillation of the steady mass, the superposed 
earthquake motion being active for the next 9.4 see., and consist- 
ing of quick vibrations of T=0.36 sec., 2a=0.050 mm, mixed 


with those of T=0.78 sec., 2a=0.044mm. For the remaining 


The Eruptions and Earthquakes of the Asama-yama. IV. 107 


10.4 sec. of the principal portion, the motion was much smaller 
and composed of the vibrations of T=0.65 séec., 2a=0.026 mm, 
mixed with some quicker ones. The apparent “sound shock ” 
occurred 6.4 sec. after the commencement of the earthquake, or 
5.2 sec. from the end of the 1st displacement of the “ initial vibra- 
tion.” [End portion.] At first the motion consisted of vibrations of 
T=0.60 sec., 2a=0.0036 mm, - mixed with traces of slow move- 
ments of T=2.3 sec. Later on there were also some other periods. 

60. Explosion of July 19th, 1913, at 0.54.03 p.m. The de- 
tonation of this strong explosion as heard at Yuno-taira was 
intensely loud, being, according to the account of the observer, 
Dr. K. Aomi, like that caused by the simultaneous discharge of 
several heavy artillery pieces at the immediate vicinity. The 
eruption sound continued for some 5 minutes after the explosion. 
The precipitation of the lava fragments was thick; one of these 
falling on the ground and forming by impact a hole 6 feet in 
diameter at a distance of 33 metres from the observatory building. 
Numerous projectiles came down at places several hundred feet 
below the observatory, which had 4 window panes broken by the 
shakings of the house. (See p. 13 and Fig. 10.) 

(1) TZromometer Diagram : Longitudinal Component. Total dura- 
tion=140 sec. [Preliminary and principal portions: duration=36.9 
- sec.] The preliminary motion, of 0.0025 mm (duration=0.48 sec.) 
was followed by the “ initial vibration,’ of T=1.75 sec., composed 
of the Ist, or inward, displacement of 0.10 mm and the 2nd, or 
outward, one of 0.127mm. The latter and the succeeding 44 
vibrations of T=1.28 sec., and max. 2a=0.041 mm, together form 
a slow oscillation, of T=6.5 sec., and 2a=0.171 mm. The su- 
perposed quick vibrations, which may be assumed to represent the 
“sound shock,” began to appear at 6.8 sec. after the commence- 
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ment of the earthquake, or 5.5 sec. from the end of the 1st dis- 
placement of the ‘ initial vibration.” These became soon very active 
(2a=0.077 mm apprx.), when, at 9.9 sec. after the commence- 
ment of the earthquake, there took place a large slow displacement 
of 2a=0.190 mm directed toward the crater followed by a pendulum 
oscillation of T=14.9 sec., and 2a=0.267 mm. During the last 
10.4 sec. of the principal portion, the motion was again active and 
consisted of extremely quick vibrations of T=0.27 sec., 2a=0.053 
mm, distributed into three maximum groups probably due to the 
precipitation of lava fragments in the vicinity ; the last and largest 
of the three occurred 35.2 sec. after the earthquake commencement, 
being no other than the shock caused by the impact of a large 
lava block some 8 feet in dimension, which fell about 55 metres 
to the ENE. of the observatory. (See § 6). [End portion.] During 
the 1st 18.6 sec., the motion was composed of small quick vibra- 
tions of T=0.45 sec., 2a—0.009 mm, mixed with those of T=1.1 
sec. and others. Thereafter, the quick movements disappeared, 
and the average periods were 1.9 and 1.16 sec. 

(ii) Zremor-recorder Diagram. 

Longitudinal Component. The small preliminary motion was 
0.0025 mm _ directed away from the crater, accompanied by 
that of 0.0008 mm in the latter directed toward the N20° W, 
giving the resultant of 0.0026 mm in the direction of 588° W.  Cor- 
responding to the 1st, or inward, displacement of 0.10 mm of the 
‘initial vibration” there was in the transverse component a small 
motion of 0.008 mm directed toward the N20°W, the resultant 
being 0.10 mm in the direction of N70°E. Again, corresponding 
to the 2nd displacement of the ‘initial vibration,” there was a 
complete oscillation in the transverse component, whose two move- 


ments were respectively 0.03 and 0.097 mm. 
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Transverse Component. The vibrations were comparatively small 
during the Ist 6.5 sec., with the period of 1.5 sec. ; in other words, 
the maximum phase of motion occurred 6.5 sec. after the 
commencement of the earthquake. The sudden violent shak- 
ings, of max. 2a=0.258 and 0.192 mm respectively in the longi- 
tudinal and transverse components, which occurred 34.6 sec. after 
the earthquake commencement, was probably the effect due to the 
fall of a large lava block referred to before. 

61. Explosion of Aug. 12th, 1913, at 7.45.08 am. The 
detonation was heard at Yuno-taira, the mountain top being at 
the time covered by thick mists. 

Tromometer Diagram: Longitudinal Component. Total duration 
=120- sea: 

The ground was in a trembling condition already from 38.5 
sec. before the earthquake: the micro-tremors being composed of 
the mixture of the vibrations of T=0.57 sec. (max. 2a=0.0015 
mm), T=0.26 sec. (max. 2a=0.0096 mm), and some others. 
{Principal portion: duration=28.8 sec.}] The ‘“ initial vibration,” 
whose commencement was at 7° 45" 07°.6 p.m., and whose period 
was 1.6 sec., was composed of the 1st, or inward, displacement of 
0.029 mm, and the 2nd, or outward, displacement of 0.050 mm. 
The latter and the succeeding 4% vibrations (with some superposi- 
tions) of T=0.8 sec. together formed a slow oscillation of T=4.5 
sec. and of the two displacements of 0.089 and 0.114mm. This 
was followed by an outward motion of 0.046mm (duration=0.48 
sec.) mixed with 4 small movements. Then took place a con- 
Spicuous vibration of T=1.5 sec., and of the inward and outward 
displacements of 0.067 and 0.085 mm respectively ; there being at 
the end a well defined superposition of quick movement of 2a= 


0.028 mm. For the next 4.55 sec., the motion may be regarded as 
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being made up of slow movements of T=1.14 sec. (max. 2a= 
0.046 mm), mixed with the quick ones of T=0.38 sec. (max. 2a= 
0.026 mm). For the next 8.5 sec., the vibrations were regular : 
T=0.58 sec., max. 2a=0.028 mm. During the remaining 9.1 sec., 
the motion was much smaller: T=0.7 sec., 2a=0.0113 mm. 

62. Eaplosion of Aug. 12th. 1918, at 11. 20. 33 pm. This 
was a strong explosion, whose detonation was at Yuno-taira like 
that of a tremendous thunder peal. The upper part of the moun- 
tain was at the time invisible, being enclosed in thick mists. But 
the glowing lava pieces falling in the vicinity of the observatory 
looked like groups of shooting stars; one small lava block of the 
size of a fist fallmg to within 2 metres distance at the front of 
the building. (See also p. 14.) In Tokyo, the present author, who 
was at the time sitting quietly in his house at Koishikawa, by his 
writing desk, heard the detonation, whose time of occurrence was 
accurately noted by means of a pocket chronometer to be 11. 26. 
58 p.m., (§ 115). 

Lromometer Diagram: Longitudinal Component. (See Fig. 
D4, Pl. XXIII.) Total duration=260 sec. 

The preliminary outward motion of 0.0044 mm (duration=0.42 
sec.) was followed by the “ initial vibration,” of T—3.2 sec., which 
was made up of the Ist, or inward, displacement of 0.125 mm 
(duration=1.15 sec.), and of the 2nd, or outward, displacement of 
0.217 mm (duration=2.0 sec.) ; the superposition of the small move- 
ments appearing first 2.3 sec. from the commencement. For the next 
3.8 sec., there were three small vibrations of T=1.2 sec., max. 2a= 
0.084 mm, (with some superpositions of smaller movements). Then, 
at 7.6 sec. from the earthquake commencement, or 6.0 sec. from the 
end of the Ist displacement of the “ initial vibration,” the writing 


index of the pointer began for a few seconds to jump up over the 
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smoked paper so that there was left only an imperfect dotted trace 
of the maximum range of 0.119 mm apprx.. The motion for the 
next 3.5 sec. probably marks the effect of the sound waves, giving 
the interval of 6.0 sec. for the time difference between the moments 
of arrival of the explosive earth motion and the detonation, in 
perfect accordance with the result obtained from a comparison of 
the barograph and the tromometer diagrams. The inward motion 
reached a limit 11.1 see. after the earthquake commencement, the 
pointer being thence thrown into the counter displacement of 0.473 
mm. Then the pointer was thrown into a large pendulum oscilla- 
tion, 17.6 sec. in period, composed of the two movements of 0.71 
and 0.54mm_ respectively. Immediately thereafter, namely, 32.8 
sec. from the earthquake commencement, there took place a con- 
spicuous quick vibration of 2a=0.108 mm, due probably to the 
impact of a lava mass about 4 metre in dimension, which fell 
at a distance of only 19 metres to the ENE of the observa- 
tory, causing the pointer to deviate again into a large oscillation 
of 2a=0.46mm. The disturbance came practically to end at 
1 ai bal 

Micro-tremors. The explosion was followed for 19 min. by 
small micro-tremors, whose max. 2a was 0.0047 mm and whose 
average period was principally 1.5 sec. apprx. These indicated 
sudden amplitude increase at irregular intervals and was apparently 
the results of strong smoke emissions which continued after the 
outburst. 

63. Explosion of May 5th, 1914, at 0. 33. 03 a.m. According 
to the report by Mr. Kurosaka, who was in charge of the observa- 
tory at Yuno-taira during the Ist half of May, the mountain had 
been previously quiet, there having been since the beginning of the 
month neither volcanic earthquakes _and tremors nor powerful 
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smoke emissions. Thus the explosion on the 5th occurred abruptly, 
attended by a tremendous detonation. The noise of the lava frag- 
ments striking the slope of the Maikake-yama could be heard for 
about 5 minutes, although its upper part was at the time shroud- 
ed in thick mists; those fallen at the base of the somma sparkling 
like stars. Ten minutes after, when the sky became clear, white 
smokes, slightly tinged red, were observed to be thrown out at 
intervals. On subsequent examination, there was found to be no 
large lava pieces projected on the Yuno-taira plain. 

In Tokyo, the author, who was at the time sitting quietly by 
a desk with a pocket chronometer before him, in his house (in 
the Koishikawa district), perceived the detonation at 0° 39" 38° a.m. 
as a sound like distant gun discharge which shook the shgjz on the 
N. side for about 14 sec. The noise, which, occurring in the depth 
of night, had a peculiar disturbing effect, was immediately followed 
by the barking of the dogs and the screaming of the pheasants. 

(i) Tromometer Diagram: Longitudinal Component. (See 
Fig. 53.) Total duration=171 sec. [Preliminary and. principal 
portions : duration=40.6 sec.] The preliminary portion consist- 
ed of an outward displacement of 0.004mm (0.55 sec. in 
duration). Then followed the ‘initial vibration,” of T=2.16 
sec., which was composed of the 1st, or inward, displacement of 
0.081 mm, and the 2nd, or outward, displacement of 0.143 mm ; 
there being a superposition of three small oscillations of T=0.7 see. 
For the next 10.5 sec., the motion was made up of 84 nearly equal 
and well defined vibrations of T=1.24 sec., max. 2a=0.118 mm; 
the apparent sound effect, accompanied by the superposition of 
quick movements of T=0.4 sec., appearing 5.4 sec. after the end 
of the 1st displacement of the “initial vibration.” During the 
remaining 27.5 sec. of the principal portion, the motion was gra- 
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Fig. 52. Asama-yama Explosion of May 29th, 1918, observed at 
Yuno-taira: Longitudinal and Vertical Components. 
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be....Motion toward Crater, Time Scale: 1 min.=98 mm. 
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Fig. 54. AsSama-yama Explosion of Aug. 12th, 19138, at 
11.20.33 p.m., observed at Yuno-taira. Longitudinal Component. 


Magnification = 264, Time Scale: 1 minute=62 mm. 
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ab....Preliminary Portion. bed....“ Initial Vibration.” tt .... Minute Time Marks. 
f ....Shakings caused by falling stones. s ....Mark made by the observer by pushing electric key 
when he was aroused from sleep by the detonation. q ....Time corresponding to Commencement. 


| a hee ead toot LIBRARY <= 
pears, 2 =, OF THE 
| .URIVERSITY OF iinet: 


- 


— : 
 doploe sane Moa) Agta! Ses — shoe 


= ls aed Lo ha 
Pe “i : eee 


jd ae GAY 
=96 mm. 


. Commencement. 


Time Scale: 1 minute 


Lae 
Corresponding parts in the two components. 


( : 5 am eS | 4, 


aa 


365. 


Successive Minute Cuttings. 


ds ost eel Oawen cere 


i 
i 
i 
i 
} 
i 
} 


| 


AO eee es Sco TH Rie eS Se ae 


is LBs or 


Si 
=| 
$ 
fe} 
q 
~~ 
val 
os 
ea 
3 
> 
~) 
y 
OQ 
° 
+ 
ea 
oO 
et 
-} 
» 
ito} 
cal 
»~) 
° 
g 
ie) 
-_ 
Q 
i2) 
oa 
# 
© 
| 
6 
> 
o 
=| 
Lys] 
n 
q 
Te} 
wo 
ap 
Del 
fa 


(Tremor-recorder Diagram.) Magnification 


a 2 - : 
BS BEES Sis LEE lng PR Oe 


IoyeIQ Woy AVMVY UONOTT <—- — JoyeIQ peo} UOHOTT ANZ prveno} ‘OWL <— — M.OZN PrBAo, 4OPT 


ace LIBRARY 
Pie (bs ts OF THE 
ae UNIVERSITY OF HLNoNs 


The Eruptions and Earthquakes of the Asama-yama. IV. 113 


dually reduced from 0.046 to 0.011 mm, the quick vibrations being 
mixed with those of T=1.26 sec.: Duration of the specially active 
part=12.7 sec. In the later part of the end portion the vibrations 
were regular, T=1.12 sec. 

(ii) Zremor-recorder Diagram. In Fig. 55 are reproduced the 
longitudinal and transverse component tremor-recorder diagrams, 
with the resultant magnification of 365, and the time scale of 96 
mm for 1 minute. As the writing indices of the pointers were 
simultaneously lifted every minute, a given time moment can be 
identified with perfect accuracy in the two different directions. 
The preliminary motion, of duration of 0.6 sec., was composed of 
the following displacements :—0.0035 mm, away from the crater ; 
0.0009 mm, towards N20 W,; resultant motion=0.0036 mm, _ to- 
ward 885° W. The Ist displacement of the “ initial vibration” 
in the longitudinal component was 0.063 mm, toward the crater, 
accompanied by a displacement of 0.018 mm toward S20° EF, 
giving the resultant motion of 0.065mm directed toward the 
N86°E. The 2nd displacement of the ‘“ initial vibration” was 
0.203 mm, directed away from the crater and was accompanied by 
a small complete oscillation of 2a=0.012 mm, being thus almost 
perfectly radial in direction. In the transverse component, there 
followed the maximum slow oscillation of T=2.2 sec., composed 
of the two displacements corresponding to the largest well defined 


ones in the longitudinal component, as follows :— 


Ist displacement .. 0.108 mm, toward N 20° W, 
OFT Gat Ay, Crater ; 
Resultant motion= 0.206 mm, directed toward N40° BE. 


2nd displacement... 0.192 mm, toward S 20° E. 
0.162 ,, , toward Crater. 
Resultant motion= 0.251 mm, directed toward S 20° W 
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The maximum and 1st well-defined transverse vibration occurred 


1.8 sec. later than the longitudinal “ initial vibration.” 


CHAPTER VII. NON-EXPLOSIVE ERUPTIONS OBSERVED 
AT YUNO-TAIRA AND THE ASAMA PASTURE GROUND.* 

64. Eruption of June 24th, 1913, af UW. 34.17 pom. .At 
Yuno-taira, there was perceived some sound, accompanied by the 
slight shakings of the building. Ag the mountain was shrouded in 
thick mists, the condition of the crater could not be ascertained. 

Yuno-taira Tromometer Diagram: Longitudinal Component. 
Total duration=88 sec. 

[Preliminary and principal portion: duration=21.1 sec.] Un- 
like the diagrams in the usual cases, the motion began with a 
very small ‘initial vibration,” of T=2.7 sec., composed of the 
Ist, or inward, displacement of 0.001 mm, and the 2nd, or out- 
ward, one of 0.00834 mm. For the next 6.2 sec., the motion was 
largest, being composed of the 4 nearly equal vibrations of the 
average T=1.55 sec., max. 2a=0.0305 mm, mixed with the quick 
movements of ‘'=0.30 sec., 2a-=0.0164 mm; the quivering of the 
writing pointer due to the sound shock, occurring 5.5 see. after 
the end of the 1st displacement of the “ initial vibration.” During 
the next 4.5 sec., the motion was smaller and consisted of vibra- 
tions of T=1.0 sec., 2a=0.016 mm, mixed with those of T=0.45 
sec., 2a=0.0085 mm. During the remaining 7.6 sec. of the princi- 
pal portion, the vibrations were small: T=0.9 sec., max. 2a— 
0.0077 mm. [End portion.] The motion was regular: T=0.64 
sec., max. 2a=0.0039 mm. 

65. Eruption of July 1st, 1913, at 0. 17.01 pm. At Yuno- 


* The times of occurrence of the eruptions considered in this chapter are those registered 
at Yuno-taira, with the exception of the last case, for which the observation was made only at 
the Asama Pasture Ground. 


The Eruptions and Earthquakes of the Asama-yama. IV. 115 


taira, the eruption was announced by very faint sounds like those 
of distant thunders, causing the building to be shaken gently. At 
the same time, black smokes were just appearing upon the top of 
the Maikake-yama, this time moment being 14 sec. later than the 
commencement of the earthquake motion as registered by the 
tromometer. 2 or 3 sec. after there were heard the noises caused 
by the falling of the lava fragments on the upper part of the 
somma. <A picture of this eruption seen from Yuno-taira is given 
in Fig. 4. 

(1) Yuno-taira Tromometer Diagram : Longitudinal Component. 
(Fig. 56.) Total duration=150 see. 

The diagram indicates a well defined preliminary tremor, and 
consists, unlike those due to the explosions, of the slow vibrations 
mixed with a comparatively slight amount of the quicker move- 
ments. [Preliminary tremor.] Duration=2.3 sec. ‘The motion was 
composed of small regular vibrations of T=0.31 see., 2a—0.0004 
mm, mixed with slow ones of T=0.99 sec., 2a—0.001 mm. [ Prin- 
cipal portion.] Duration==13.4 sec. The ‘“ initial vibration” was 
composed of the Ist, or inward, and the 2nd, or outward, displace- 
ments respectively of 0.0097 and 0.043 mm, the period being 2.0 
sec. The next vibration was small: T—=1.23 sec., 2a—0.023 mm. 
The 3rd vibration was again much larger; T=1.54 sec, 2a= 
0.048 mm. So far there was practically no superposition of quick 
movements. ‘These latter became, however, prominent (max. 2a= 
0.022 mm, T=0.27 sec.) during the next 4.8 sec., which interval 
may be regarded as forming the most active part of motion, and 
which began with a marked (slow period) displacement of 0.044 
mm directed toward the origin. During the remaining 4.03 sec. 
of the principal portion, the motion was much smaller, being com- 
posed of slow vibrations of T=1.19 sec., 2a=:0.013 mm, with slight 
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superpositions of small movements. The effect due to the sound 
shock was not clearly indicated. [End portion.] The motion was 
made up of slow vibrations of T=1.24 sec., max. 2a=0.0041 mm, 
mixed with small movements of T=0.44 sec., and T=0.58 sec. 
(max. 2a=0.0015 mm). 

(ii) Yuno-taira Tremor-recorder Diagram: Transverse Com- 
ponent. The principal portion lasted 13.2 sec. and consisted of 9 
regular vibrations of T=1.4 sec., the maximum (absolute) motion 
of 0.044 mm occurring 3.8 sec. after the commencement of this 
phase. In the end portion the vibrations of T=1.35 sec. (Qa= 
0.004 mm) were mixed with those of T=0.62 see. 

66. Eruption of Aug. 13th, 1913. at 4. 01.19 pm. The rush- 
ing sounds of the eruption were heard at Yuno-taira for about 15 
minutes. Throughout the day strong winds continued to blow, 
and the mountain was enclosed in thick mists. 

Yuno-taira Tromometer Diagram: Longitudinal Component. 
Total duration=80 sec. 

[Premonitary Eruption.] At 4. 01. 05 p.m. there took place 
a small earthquake caused by a premonitary eruption. After the 
preliminary portion of 1.5 see. duration, there set in, for the next 
3./ sec., three well-defined vibrations of T=1.2 sec., max. 2a= 
0.0027 mm, mixed with minute movements of T=0.23 sec. For 
the next 3.6 sec., the motion was smaller: 'T=0.77 sec., 2a= 
0.0017 mm. For the next 5.0 sec., the motion became still smaller, 
indicating traces of oscillations of T=0.94 sec. Then took place 
the preliminary portion of the [Main Eruption], which lasted 3.2 
sec. and consisted of small regular vibrations of T=0.23 sec., max. 
2a=0.0013 mm. The principal portion, which lasted 13.1 sec., and 
consisted of slow movements with only insignificant mixture of 


quick tremors, was introduced by a vibration of T=1.08 sec. 
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composed of the two displacement of. 0.0052 and 0.012 mm. re- 
spectively. The next vibration, whose period was 1.45 sec., had the 
maximum (absolute) 2a of 0.023 mm. For the next 3.2 sec., there 
were 4 smaller vibrations of T=0.8 sec., max. 2a=0.015 mm, group- 


law A 


ed into those of double period. During the remaining 7.6 sec. of the 


principal portion, there were 7 vibrations of T=1.1 sec., a max. 2a 
of 0.021 mm occurring at the commencement of this phase. There- 
after the motion became much smaller and was composed chiefly of 


two sets of vibrations whose mean periods were as follows :— 


T=0.76 sec. (2a=0.0059 mm) T=1.08 sec. (2a=0.0037 mm) 
0.82 1.35 (2a=0.0021 ,, ) 
OFFG 1.50 


The period of the superposed small movements were 0.23 and 0.36 
see. The total duration of the two disturbances was over 80 sec. 
67. Eruption of Aug. 15th, 1913, at 9.59.1Lam. This erup- 
tion as well as the two others in the afternoon consisted in a very 
powerful emission of black smokes, which were seen also from the 
city of Nagano. On these occasions small platy lava fragments, 
of maximum weight of 16 grams were precipitated in great 
abundance at the base of the Ko-Asama. In the 2nd and 3rd 
eruptions, the sounds like those of billows of sea were heard at 
Yuno-taira for a few minutes. In Fig. 6 is given a view of the 
eruption in the morning taken from the Yuno-taira observatory. 
Yuno-taira Tromometer Diagram: Longitudinal Component. The 
eruption was preceded by a volcanic earthquake, the total duration 
of the premonitary non-eruptive earthquake and the eruption effect 
being 3 min. The earthquake began, at 9. 59. 11 a.m. with a 
short preliminary tremor composed of a single small vibration of 
0.0014 mm and of duration of 0.44 sec. The principal portion 


lasted 1.8 sec., and was made up entirely of very quick vibrations 
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of max. 2a=0.0497 mm. The subsequent motion was very small 
and composed of the vibrations of T=0.91 sec., mixed with those 
OLD 0/50 see, | 

For 6" 28° before the above-mentioned earthquake, the ground 
was making small slow vibrations of T—1.3 sec., max. 2a—=0.0005 mm. 

For 23.8 sec. after the earthquake, there were slight vibra- 
tions similar to those which existed previous to the latter. For the 
next 26.6 sec., the movements became more marked: T=1.2 see., 
max. 2a=0.0008 mm, mixed with the tremors of T=0.39 sec. 
These probably formed the precursors of the eruption whose earth- 
quake effects became larger during the next 30.0 sec., the motion 
consisting of vibrations of T=1.35 sec., max. 2a—0.004 mm, mixed 
with the smaller ones of T=0.73 sec., and still shorter ones. 
Then the motion bocame suddenly large, and there were, during 
the next 3.4 sec., an outward displacement of 0.009 mm, followed 
by 2 nearly equal conspicuous vibrations of T==1.34 sec., max. 
2a=0.021mm. Thereafter the motion decreased and, for the next 
40.2 sec., was composed of the vibrations of T=1.18 sec., max. 2a 
=0.009 mm, mixed with some smaller ones. The subsequent 
vibrations were much smaller: T=1.27 sec. Till 10° 10" pm. 
the ground continued to execute a sort of minute movements 
similar to those which existed before the premonitary earthquake. 

68. Hruption of Aug. 15th, 1918, at 3. 58. 46 p.m. Yuno- 
taira Tromometer Diagram: Longitudinal Component. Total Dura- 
tion=3" 25°. The motion began gradually and consisted, for the 
[st 47.7 sec., of regular vibrations of T=1.3 sec., max. 2a—0.0024 
mm mixed with small movements of T=0.42 sec., and T—=0.61 
sec., max. 2a=0.0023 mm. Thereafter the motion became larger 
and nearly free from the superposition of the latter, being, for the 


next 28.7 sec., composed of the vibrations of T=1.9 sec., max. 2a= 
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0.0067 mm mixed with smaller ones. The subsequent motion was 
gentle and gradually decreased: T=1.8 sec., max. 2a=0.0019 mm, 
mixed occasionally with the small ones of T=0.97 sec. 

69. Eruption of Aug. 15th, 1913, aé 5. 08. 54 p.m. Yuno- 
taira Tromometer Diagram: Longitudinal Component. Total dura- 
tion=60 sec. apprx. The preliminary motion lasted about 2.0 sec. 
and was very small. The principal portion, which lasted 25 sec., 
began, with the slow “ initial vibration” of T=2.1 sec., composed 
of the 2 displacements of 0.010 and 0.034 mm (absolute maximum) 
respectively. During the next 9.1 sec., there were 8 vibrations of 
T=—1.14 sec., whose 2a gradually decreased from 0.026 to 0.0038 
mm; of these the Ist two only being mixed with small move- 
ments (T=0.24 sec. apprx., 2a=0.011 mm). During the remain- 
ing 13.8 sec. of the principal portion, the amplitude remained on 
the whole constant, the motion being composed of the vibrations 
of T=0.71 sec., max. 2a=0.0033 mm, grouped into the slower 
ones of T=1.27 sec., max. 2a=0.0047 mm. Thereafter the motion 
became much smaller, and consisted for the next 37.1 sec. of the 
vibrations of T=0.67 sec., T=1.04 sec., and T=1.25 sec., mixed 
with tremors of T=0.27 sec. Then the vibrations again gradually 
increased up to 2a of 0.0036mm, on account of the renewed 
eruptive activity. The ground executed minute vibrations almost 
continuously till about 5.21 p.m. 

70. Eruption of Nov. 20th, 1913, at 3. 40. 35 p.m. (Fig. 
50.)  Tremor-recorder Diagram at the Asama Pasture Ground. 
Total duration=110 sec. 

Longitudinal Component. [Preliminary and principal portions : 
duration=61 sec.] The motion was very small during the Ist 
0.9 sec., after which took place the ‘“ initial vibration” of T= 


2.5 sec., composed of the Ist and 2nd displacements of 0.005 and 
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0.019 mm respectively. For the next:.6.6 sec., there were two 
oscillations of nearly equal amplitude (max. 2a=0.053 mm) of T= 
3.3 sec.; the moment of appearance of the superposed quick 
vibrations (T=0.26 sec., max. 2a=0.032 mm) being 5.6 sec. after 
the earthquake commencement, or 3.6 sec. after the end of the Ist 
displacement of the ‘ initial vibration,’ and coinciding with the 
occurrence of the eruptive phase which gave rise to the barometric 
disturbance. (See Chapter XIII.) For the next 4.8 sec., there were 
2 large oscillations of T=2.4 sec., the max. (absolute) displace- 
ment of 0.21mm occurring 12.3 sec. after the commencement. 
During the next 10.7 sec., the motion was smaller and composed 
of the vibrations of T=0.82 sec., max. 2a=—0.062 mm, mixed as 
before with quick vibrations. ‘Thereafter the latter almost entirely 
disappeared, and the motion remained nearly constant during the 
remaining 36 sec. of the principal portion, being composed of the 
vibrations of T=-1.06 sec., max. 2a=0.048 mm, mixed more or 
less distinctly with slow oscillations of T=3.3 sec. [End portion. ] 
The vibrations were small: T=1.2 sec., max. 2a=0.011 mm. 
Transverse Component. [Preliminary and principal portions : 
duration=72 sec.] The motion was practically nil during the 1st 
2.5 sec., after which a small left-hand side displacement of 0.0028 
mm took place, followed by a vibration of -T=2.2 sec., 2a= 
0.040 mm. For the next 4.3 sec., the motion was also small (max. 
2a=0.051 mm, T'=1.4 sec.); there appearing, however, the super- 
position of quick movements of T=0.18 sec., max. 2a=0.011 mm. 
Then took place a large oscillation of ,T=1.84 sec., whose 2nd 
displacement had the max. (absolute) 2a of 0.146mm, and 
occurred 10.9 sec. after the earthquake commencement. For the 
next 5.6 sec., the motion was active and composed of 6 vibrations 


of T=0.93 sec., max. 2a=0.10mm, with the superposition of 
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quick movements of T=0.20 sec. For the next 12.3 sec., the 
vibrations, which were free from the mixture of small movements, 
were perfectly regular: T=1.07 sec., max. 2a=0.094 mm. During 
the rest of the principal portion, the motion was much smaller: 
T=1.03 sec., max. 2a=0.038 mm. [End portion.] The vibrations 
were very small: T=1.3 sec., max. 2a—0.012 mm. 

Comparison of the Longitudinal and Transverse Components. 
The preliminary small portion lasted 1.6 sec. longer in the trans- 
verse than in the other component, so that the Ist displacement 
of the ‘“ initial vibration”? was entirely longitudinal: the resultant 
2nd displacement (2a=0.019 mm) being directed away from the 
crater with the westward deviation of 8° from the radius. The 
maximum motion phase set in 10.0 sec. after the commencement 
in each component. During the Ist 14.6 sec. of the earthquake, 
the motion was greater in the longitudinal than in the transverse 
component. But thereafter vibrations were much more conspicuous 
in the latter than in the former, the max. 2a’s in the two com- 


ponents being in the ratio of 15 to 10. 


CHAPTER VIII. VOLCANIC MICRO-TREMORS AND SMALL 
NON-EXPLOSIVE ERUPTIONS OBSERVED AT 
YUNO-TAIRA, 1911—1912.* 


71. Volcanic micro-tremors and eruptions on Oct. 2nd, 1912. 
Tromometer Diagram: Longitudinal Component. (Figs. 57 and 58.) 
The first 154 eruptions, which occurred between 11. 22. 40 
am. and 1.04.27 p.m., were small and of the simpler type. 
Thereafter the eruptions, though still of small magnitude, happen- 


ed in close succession, so that the diagram indicated, for the 


* The times of occurrence of the different outbursts considered in this chapter are those 
registered by the tromometer at Yuno-taira. 
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next 1°59"$ a continuous series of the voleanic micro-tremors. 
From about 3.03.45 p.m., the shocks, most of which were of 
complex type, became again individually distinct, some of the 
greatest occurring at 3. 54.22; 8.58.59; and 6.48.12 p.m. The 
explosions became gradually fewer, finally ending with the one at 
8.44.52 pm. Thus it will be seen that the eruptions on the 
day in question lasted altogether about 94 hours. 

(i) The elements of motion of the continuous “ volcanic 


micro-tremors’’ were as follows :— 


T (sec.) 2a (mm) T (sec.) 2a (mm) T (sec.) 2a (mm) 
1.26 0.0037 0.29 0.0025 0.83 0.0044. 
1.30 42 0.27 17 1.23 56 
1.32 42 0.84 60 1.24 67 
0.95 31 0.85 AT 0.50 AT 
0.97 34 0.45 21 0.55 36 
0.49 aL 1.00 27 1.19 39 
0.92 3 0.96 33 0.32 09 
117, 89 1.18 42, 1.32 AT 
1.29 68 0.46 14 0.82 49 
0.94 55 0.38 09 0.32 sigh 
0.88 57 0.34 17 0.49 41 
0.93 67 0.95 46 


(ii.) The elements of motion of some of the typical eruptions 
in the Ist stage, or those which occurred previous to the ap- 
pearance of the micro-tremors were as follows. 

Eruption of 11.59.05 a.m. <A very small shock. Total duration 
=29 sec. [Preliminary portion.] Duration=4.5 see. [Principal 
portion.]| Duration=9.0 sec. T=0.40 sec., 2a=0.001 mm. 

Eruption of 0.20.09 p.m. Total duration=28 sec. During the 
first 4.5 sec. of the principal portion, the vibrations were largest: 


T=1.32 sec., 2a=0.005mm. The subsequent portion was made 
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up of vibrations of T=1.03 sec., mixed with the quicker ones. 

Eruption of 0.21.02 p.m. [Preliminary portion.] Duration= 
4.3 sec. [Principal portion.] Duration=9.4 sec. T=0.46 sec., 2a 
=0.001 mm; T=0.64 sec., 2a—0.0008 mm. 

Eruption of 0.42.13 p.m. [Preliminary portion.] Duration= 
a7 sec. “V=046 “sec;; T=0.72 sec., 2a=0.0008 mm. [Principal 
portion.]| Duration=14.4 sec. T=0.36 sec., 2a=0.0026mm; T= 
0.70 sec., 2a=0.005 mm. At first, there were traces of slow move- 
ments of I=1.7 sec. 

Eruption of 0.42.35 p.m. [Preliminary portion.] Duration= 
5.4 sec. T=0.82 sec., 2a=0.0008 mm. [Principal portion.] Duration 
=) Oiecemn l= .55 sec, 2a=—0.009 mm; T—0.57' sec., 2a=—0.004 
mm., mixed with some quicker movements. [End portion.] T=1.27 
sec.) 2a euvoo mm: T=0.40 sec., 2a—0.0017 mim. 

Eruption of 1.02.36 p.m. [Preliminary portion.] Duration= 
5.6 sec. T=1.06 sec., T=0.52 sec., 2a=0.0004 mm. — [Principal 
portion.] Duration= 8.4 sec, T=1.39 sec., 2a=0.005 mm; mixed 
with small vibrations of T=0.42 sec. [End portion.] T=0.56 sec., 
2a==0.0014 mm. 

(iii.) The elements of motion of some of the typical eruptions 
in the 3rd stage, or those which occurred subsequent to the ap- 
pearance of the micro-tremors, were as follows. 

Eruption of 3.32.27 p.m. [Principal portion.) Duration=9.0 
sec. T==-1.27 sec., max. 2a=0.018 mm (2nd vibration), mixed with 
quick movements of T=0.40 sec. 

Eruption of 3.33.33 p.m. [Preliminary portion.] Duration= 
4.2 sec. [Principal portion.] Duration=18.6 sec. In the 1st 5.5 
sec., the motion was simple and made up of 5 slow vibrations of 
T=1.10 sec., 2a=0.0068 mm, the superposed movements being in- 


significant. In the remaining part of this phase, the motion 


124 F. Omori: 


consisted of the vibrations of T=1.04 sec., 2a—0.011 mm, mixed 
with quick ones of T=0.35 see, 2a=0.0041 mm. [End portion.] 
T=0.58 see., mixed with slower movements. 

Eruption of 3.54.22p.m. This was the largest disturbance 
which occurred on Oct. 2nd. [Preliminary portion.] Duration=5.6 


sec. T=0.56 sec., 2a=0.0012 mm. [Principal portion.] Duration=9.0 


sec. In the 1st 3.8 see., there were three slow vibrations of T= 
1.27 sec. of gradually increasing amplitude, the 3rd having the 
max. 2a of 0.027mm. In the remaining 5.2 see. of this phase, 
the motion was made up of well defined quick vibrations of T= 
0.52 sec., the Ist two of which had the greatest 2a’s respectively 
of 0.0246 and 0.0241 mm. [End portion.] T=0.53 sec., 2a=0.0049 
mm; '=0.92 sec., 2a=0.0041 mm. 

Eruptions of 3.55.03 and 3.55.18 p.m. In the principal 
portion of these two successive shocks, lasting together 23.2 see., 


the motion was composed chiefly of the following vibrations : 


T (sec ) 2a (mm) T (sec.) 2a (mm) T (sec.) 2a (mm) 
0.33 0.0081 0.58 0.010 1.04 0.0076 
0.31 0.0078 0.47 0.011 


Eruption of 3.55.39 p.m. [Principal portion.] Duration=8.1 
sec. T=0.36 sec., 2a=0.013 mm; T=0.89 sec. (2a small). 

Eruption of 3.55.52 p.m. [Principal portion.] Duration=10.6 
sec. T=0.92 sec., 2a=0.018 mm; T=0.41 sec., 2a—0.0068 mm. 

Eruption of 3.56.06 p.m. [Principal portion.] Duration=8.0 
sec. The motion was composed chiefly of well defined quick 
vibrations of T=0.36 sec., 2a=0.013 mm, which were mixed with 
slower movements. 

Eruption of 4.15.54 p.m. Total duration=28 sec. [ Prelimi- 
nary portion.] Duration=6.9 sec. T=0.40 sec, 2a=0.0009 mm. 


[Principal portion.] Duration=5.7 sec. The motion consisted almost 


The Eruptions and Earthquakes of the Asama-yama, IV. 125 


entirely of quick vibrations of T=0.44 sec., 2a=0.01mm. [End 
portion.] T=0.46 sec., 2a=0.0030 mm. 

Eruption of 4.18.56. p.m. Total duration was over 29 sec. 
[Preliminary portion.] Duration=8.8 sec. T=0.89 sec., 2a=0.0009 
mm; mixed with some smaller vibrations. [Principal portion. ] 
Ue 0-00) sec... 2a = 0.003:mma e P= 1.1) sec: 

Eruption of 5.00.37 p.m. Total duration=44 sec.  [Prelimi- 
nary portion.] Duration=7.0 see. [Principal portion.] For the 1st 
6.1 sec., the motion was composed chiefly of the vibrations of T 
=0.58 sec., 2a=0.004 mm. Thereafter the motion consisted of 
regular movements of T=0.48 sec., 2a=0.0025 mm, and remained 
almost uniform in amplitude till the end of the earthquake. The 
character of motion thus suggests the case of a small but steady 
smoke eruption which continued for some 30 or 40 seconds. The 
two following earthquakes were of the same type. 

Eruption of 5.06.36 p.m. Total duration=35 sec. [Prelimina- 
ry portion.] Duration=6.6 sec. apprx. [Principal portion.] Duration 
=15.0 sec. In the Ist 3.8 sec., the motion was comparatively 
small: T=0.36 sec., 2a=0.0034mm. In the remaining 11.2 sec., 
the vibrations were perfectly regular: T=0.48 sec., 2a=0.009 
mm. [End portion.] T=0.46 see. 

Eruption of 5.07.08 p.m. [Principal portion.] Duration=12.8 
sec. I=—0.47 sec., 2a=0.004 mm. 

Eruption of 6.48.12 p.m. Total duration=50 sec., apprx. 
[Preliminary portion.] Duration=3.5 see. [Principal portion.} Dura- 
tion=10.4 see. In the 1st 8.2 sec., the motion was made up of 
6 slow vibrations, which gradually increased in amplitude till the 
5th one: T=1.37 sec., max. 2a=0.03mm. Thereafter the vibra- 
tions were: T=0.55 sec., 2a=0.0125mm. [End portion.]_ T= 
LOL ec; 
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2. Eruption of July. Ist, 1911, até 11.32.08 am. Total 
duration=60 see. Longitudinal Component. [Prelim. portion.] Du- 
ration=6.0 sec. T=0.83 sec., 2a=0.0014 mm. [Principal portion. ] 
Duration=15.0 see. T=0.80 sec., 2a=0.01 mm. [End portion.] T= 
0.78 sec., 2a=0.0031 mm. Transverse Component. [Prelim. portion. ] 
Duration=4.8 sec., 2a=0.004mm, T=1.2 sec. apprx. [Principal 
portion.| Duration=14.6 sec. The motion consisted of vibrations 
of T=1.25 sec, 2a=0.014 mm, mixed with quicker movements 
of T=0.54 sec. [End portion.] T=0.67 sec., 2a=0.0042 mm. 

73. Eruption of July 2nd, 1911, at 2.18.23 pm. Total 
duration=40 sec. Longitudinal Component. [Prelim. portion.] Du- 
ration=3.7 sec. [Principal portion.] Duration=14.6 sec. The 
motion consisted of comparatively slow vibrations of T=0.90 
sec., 2a=0.015 mm, mixed with quick movements of T=0.38 see. 
[End portion]. The vibrations were regular: T=0.82 see., 2a=— 
0.0023 mm, there being at first also small quick movements of T 
=0.40 sec. Toward the very end, there were some traces of slow 
movements of T'’=2.6 sec. Transverse Component. [Prelim. portion. ] 
Duration=5.3 sec. [Principal portion.] Duration=12.8 sec. The 
motion was regular: T=0.80 sec., 2a=0.012 mm. [End portion.] 
= )so8 sec. b22—— 02000 mam, 

74.4 Eruption of July Sth, 1911, at 10.16.04 am. Total 
duration=50 see. Longitudinal Component. [Preliminary portion.] 
Duration=5.5 sec. [Principal portion.] Duration=11.5 sec. T= 
0.75 sec., max. 2a=0.031mm. [End portion.] T=0.74 sec., 2a= 
0.007 mm. Transverse Component. [Preliminary portion.] Duration 
=4.2 sec. [Principal portion.] Duration=8.8 sec. T=0.77 sec., 
2a=0.03mm. [End portion.] T=0.72 sec., 2a=0.006 mm. 

75. Eruption of July 14th, 1911, at 4.32.26 aa. Longitudi- 
nal Component. Total duration=60 see. [Preliminary portion.] Du- 


The Eruptions and Earthquakes of the Asama-yama. IV, 127 


ration=5.5 sec. : 2a=0.0009 mm, T=0.92 sec., T=1.4 sec. [ Princi- 
pal portion.}] Duration=9.5 sec. Motion was regular, max. 2a= 
0.015 mm, T=0.95 sec. [End portion.] Motion gradually decreased : 
max. 2a=0.0036 mm, 'T'=0.74 sec. Transverse Component. [Prelimi- 
nary portion.] Duration=18.2 see., 2a=0.0033 mm, T=1.4 see. 
Principal portion.] Duration=8.7 sec. Motion was regular: max. 
2a—- 0002 mm —- 0.79 sec) (End portion:| T'==1.0'-sec. 

76. Eruption of July 21st, 1911, at 10.47.40 pan. Total 
duration=35 sec. Longitudinal Component. [Preliminary portion.] 
Duration=2.3 sec. T=0.8 sec. [Principal portion.] Duration=18.6 
sec. During the Ist 11.2 sec., the motion consisted of comparative- 
ly slow vibrations of T=1.32 sec., 2a=0.023 mm, mixed with 
those of half period. During the rest of this phase, there predomi- 
nated quick movements of T=0.43 sec., 2a=0.0095 mm, mixed with 
slower ones/of T=1.03 sec. [End portion.] T=0.76 sec., 2a= 
0.0036 mm. Transverse Component. [Preliminary portion.] Dura- 
tion=3.4 sec., T=0.78 sec., 2a=0.0035 mm. [Principal portion.] 
Duration=15.0 sec. The motion was composed of the vibrations 
of T=0.72 sec., 2a=0.016 mm, mixed with some slower ones. 
[End portion.] T=0.91 sec., 2a=0.0036 mm; T=0.58 sec. 

77. Eruption of Aug. th, 1911, at 4. 42.50 am. This was 
a small outburst, which projected out stones and killed one 
police constable and an American missionary who were then sitting 
at the crater edge.* From Fig. 61, which is a photographic 
enlargement (magnification=630) of the longitudinal component 
of the tremor-recorder diagram, the eruption seems to have been 
followed at close intervals by at least three minor ones, making up 
the total duration of about 1” 40%. In the principal, or first, 


eruption the preliminary portion lasted 2.8 sec. During the 


* See the Bulletin, Vol. VI, No. 1, p. 32. 
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first 8.8 sec. of the principal portion, the motion consisted of 
vibrations of T=1.5 sec., 2a=0.013 mm, divided into those of half 
period. During the remaining 10.4 sec. of the same phase, the 
motion was principally as follows :—T=1.1 sec., 2a=0.025 mm. 
The period of the regular vibrations in the end portion of the 
series of the different shocks was about 0.80 sec. In the prelimi- 
nary portion and at the commencement of the principal portion, 
there were sometimes superpositions of the quick movements of 
period of about 0.4 sec. 

78. Eruption of Aug. 20th, 1911, até 3.38.59 a.m. Total 
duration=37 sec. Longitudinal Component. [Preliminary tremor. | 
Duration=5.8 sec. T=0.86 sec.,2a=0.0036 mm. [Principal portion. ] 
Duration=18.3 sec. During the 1st 5.4 sec., the motion consisted 
chiefly of slow vibrations: T'=1.2 sec., 2a=0.019 mm. During the 
remaining 12.9 sec. of this phase, the motion was composed of near- 
ly uniform quick vibrations of T=0.40 sec., 2a=0.017 mm, mixed 
with those of period of double length, T=0.80 sec. [End portion. ] 
T=0.72 sec., 2a=0.0025 mm. Transverse Compcnent. [Preliminary 
portion.] Duration=6.1 sec. 2a=0.0062 mm, T=1.0 sec. [Principal 
portion.| Duration=15.8 sec. T=0.53 sec., 2a=0.019 mm, [End 
portion.]| T=0.65 sec., 2a=0.0018 mm. 
| 79. Eruption of Aug. 29th, 1911. at 8.35.55 pom. Total du- 
ration=62 sec. In the longitudinal component, recorded by the 
tromometer, the preliminary portion lasted 2.8 sec., followed by 
the principal portion which lasted 14 sec. and consisted of 13 near-. 
ly regular vibrations of T=1.08 sec., 2a=0.007 mm. In the end 
portion, the motion consisted of vibrations of T=0.66 sec., mixed 
with those of T=1.5 sec. 

80. Eruptions of Sept. 9th. 1911. até 11. 49. 21 and at 11. 49. 
59. am. These two small outbursts occurred in succession, together 
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lasting 1” 31°. In the longitudinal component of the 1st eruption 
the preliminary tremor lasted about 2.1 sec., and the principal 
portion began with 4 slow movements of T=1.6 sec., 2a=0.006 
mm; the subsequent portion being made up of the following two 
series of vibrations :—T=0.87 sec., 2a=0.002 mm; T=1.4 sec., 2a 
0.002 mm, mixed with smaller ones of T=0.6 sec. In the 2nd 
eruption, the principal portion lasted 13.2 sec. and consisted of 14 
regular vibrations of T=0.94 sec., 2a=0.003 mm; the subsequent 
motion being made up of vibrations of T=0.91 sec. mixed with 
some quick movements. Again, in the earlier and end_ portions 
of the two disturbances there were superposition of minute tremors 
of T=0.35 see. | 

Sl. Eruption of Aug. 3rd, 1912, at 7.51.03 pm. Tromome- 
ter Diagram: Longitudinal Component. Total duration=40 sec. The 
commencement was very gradual and the preliminary tremor 
lasted 2.0 sec. The principal portion, which lasted 11.3 sec., 
consisted essentially of 7 slow vibrations of T=1.6 sec., 2a=0.0063 
mm; the first being composed of the two displacements of 0.0014 
and 0.0052mm respectively toward, and away from, the crater. 
The end portion consisted of well-defined vibrations of T=0.65 
sec., 2a=0.0026 mm, mixed with traces of the slow vibrations 
which predominated in the principal portion. 

I mention next a few cases of the volcanic manifestations 
directly observed. 

S82. Eruption of July 1st, 1912, at 5.33.40 pm. The present 
author, staying at the time in the Yuno-taira observatory, perceived 
the faint rumbling noise, with no simultaneous emission of black 
smoke from the crater. This was evidently one of those volcanic 
sounds which occur so frequently, as, for instance, on Dec. 24th, 


1911, and each of which accompanies a small outburst throwing 


130 F, Omori: 


out some rock fragments, but causing no special emission of black 
smoke. According to the tromometer diagram, the longitudinal 
component lasted 29 sec. and began with the preliminary portion 
of about 0.6 sec., followed by the principal portion, 4.6 see. 
in duration, consisting of 4 vibrations of max. 2a—0.007 mm, T= 
1.2 sec. In the end portion, which lasted 49 sec., the motion was 
as follows: T=1.2 sec., 2a=0.002mm; T=0.9 sec., 2a=—0.001 
mm. The time of commencement of this extremely small shock, 
which was of course insensible, was according to the tromometer 
record, 5. 33. 39 p.m., or 11 seconds earlier than the moment 
when the sound was perceived at the observatory. 

83. Eruption of July 2nd, 1912, at 5.29.21 am. (See § 4.) 
The black smokes were observed from: Yuno-taira to appear over 
the top of the Maikake-yama first at about 5.29.50 a.m., or some 
00 sec. after the outburst. | 

In Fig. 60 is reproduced a photographic enlargement of the 
tromometer diagram (longitudinal component). The total earth- 
quake duration was about 1 min., and the preliminary portion 
lasted 6 sec., the movements in the principal portion of the two 
components being as follows :— 

Longitudinal Component... .Max. 2a—0.0025 mm, 'T'=1.4 see. 
Transverse ee Maxson = 0.001"), Ty. 0 

S4. Eruption of Aug. 3rd, 1912, at 7.20.58 pm. (Fig. 59.) 
This consisted in an emission of a large quantity of dense gray 
smokes, whose appearance was first noticed at 7. 23. 10 p-m., by 
Mr. T. Toyoda at the Yuno-taira observatory. Tromometer Diagram : 
Longitudinal Component. Total duration=21 sec. The commence- 
ment of the motion was very gradual and uncertain, the prelimi- 
nary portion lasting about 3.0 sec. The principal portion, whose 
duration was 10.0 sec., consisted during the first 4.7 sec. of 3s 
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slow vibrations of T=1.35 sec., 2a=0.0046 mm, mixed with micro- 
tremors of T=0.26 sec.; the remaining part being composed of the 
smaller movements of T=0.82 sec.. T=—0.37 sec. In the end 
portion, the motion was very small. 

85. Eruption of August 7th, 1912, at 8.12.18 am. he smoke 
emission of this eruption was witnessed by Mr. T. Toyoda at 8.16 
a.m. from the observatory. Tromometer Diagram: Longitudinal 
Component. Total duration=25 sec. There was apparently no 
preliminary tremor, and the motion was active during the first 5.4 
sec., the maximum 2a of 0.0028 mm occurring 2.3 sec. after the 
commencement. The principal portion, in which the T was 0.47 
sec., terminated with a conspicuous vibration of 2a=0.002 mm. 
In the end portion, the motion was very small: T=0.44 sec. 
This eruption was preceded by a very small one by an interval 
of 13.8 see. 

S86. Eruption of Aug. 7th, 1912, at 9.41.03 am. Mr. Toyoda 
observed the smoke emission of this outburst at 9.49 a.m. 
from the foot of the Maikake-yama. Tromometer Diagram: 
Longitudinal Component. Total duration=55 sec. The commence- 
ment was fairly well marked, the preliminary portion (max. 2a= 
0.0005 mm) lasting 5.1 sec. The principal portion, which lasted 
19.8 see., was as follows :—(1), During the first 9.3 sec., the motion 
consisted of 6 slow vibrations of T=1.6 sec., 2a=0.002 mm mixed 
with quick movements of T=0.47 sec., 2a=0.0013 mm; (ii), during 
the remaining 10.5 gec., the motion became larger and quicker, 
being composed of the vibrations of T=0.93 sec. (2a=0.0026 mm), 
T=0.63 sec. (2a=0.0013 mm), mixed with still quicker movements. 
In the end portion, the vibrations were small: T=0.71 sec. (2a 
= 0.0006 mm). 

87. Eruption of Aug. 22nd, 1912, af 5.23. 01 am. An 
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emission of black smoke was observed by the present author at 5. 
27. 15 a.m. from the observatory. Tromometer Diagram: Longitudi- 
nal Component. Total duration=37 sec. The motion, which began 
very gradually, was small for the first 9.8 sec. During the next 
9.8 sec., it was most active :—(i), in the first 3.9 sec., T=0.33 sec. 
(2a=0.001 mm), more or less distinctly grouped into movements 
of double period; (ii), in the remaining 5.8 sec. T=0.65 sec. 
(2a=0.0012 mm). In the subsequent part, or end portion, the 
motion was very small. 

SS. Eruption of Aug. 23rd, 1912, at 3.13.53 pm. This 
consisted in the emission of a large quantity of dark gray 
smokes, succeeded by an abundant issue of white vapours; the 
eruption, accompanied by no sound, being the greatest which occur- 
red in the day-time on the 23rd. As witnessed from the observa- 
tory, the smokes first appeared above the Maikake-yama at 3. 14. 
13 p.m., or 12 seconds later than the time moment of the earth- 
quake commencement recorded by the tromometer. After this 
eruption, some feeble rushing sounds were heard at the observatory 
probably due to an energetic ejection of the steam. T'romometer 
Diagram: Longitudinal Component. Total duration=16 sec. The 
commencement was well defined and the preliminary portion lasted 
9.0 sec., during which the movements of T=0.52 see. were mixed 
with those of T=0.3 sec., and the amplitude was uniformly small 
but for the occurrence of a maximum vibration of 2a=0.0006 mm. 
2.9 sec. after the commencement. Then followed a single con- 
spicuous slow oscillation of T=0.87 sec., whose two displacements 
were 0.0032 and 0.0052 mm and were directed respectively away 
from, and toward to, the crater; the superposed quick move- 
ments of T=0.26 sec. also simultaneously attaining the max. 2a of 


0.0009 mm. The motion then rapidly decreased, being continued 
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for only about 11 sec. after the above-mentioned large movement. 

The eruption in question was followed 23.4 sec. after by a 
very small one of exactly the same character and of the total 
duration of 14.5 sec. In this second shaking, the time of com- 
mencement was 3.14.16 p.m., the motion being small and nearly 
uniform during the first 9.0 sec. Then there followed a single 
slow vibration consisting of the two displacements of 0.0007 and 
0.0016 mm respectively away from, and toward to, the crater. 
The subsequent motion was very small. 

At 1. 46. 26 p.m., on the same day, there was also a very 
small earthquake of the same sort; and of the total duration of 
30 sec., a single conspicuous vibration (1st motion=0.0006 mm, 
29nd motion=0.0009 mm) occurring about 9.5 sec. after the com- 


mencement. 


CHAPTER IX. REMARKS ON THE SEISMOGRAPHICAL 

OBSERVATIONS OF THE ASAMA-YAMA ERUPTIONS 

AT YUNO-TAIRA, ASHINO-TAIRA, AND 
THE ASAMA PASTURE GROUND. 

89. Duration of motion of explosive Asama-yama eruptions. 
According to Table XV, the total duration of the longitudinal earth- 
quake motion due to the strong Asama-yama explosive eruptions 
observed at the three stations of Yuno-taira, Ashino-taira, and the 
Asama Pasture Ground, was on the average roughly 100 to 150 
sec., as follows :— 

Yuno-taira .... 50 to 260 sec.; mean, 118 sec. 
Asiinotamaeeer eer). 116%, 4-56, 96 ,, 
Asama P.)G... 110 DA Neeree acer. LOOS +35 


99 
The average duration of the principal portion was 95 sec. for 
Yuno-taira, 21 sec. for Ashino-taira, and 29 sec. for the Asama 


Pasture Ground. Again, the duration of the specially prominent 


134 F, Omori: 


part varied at Yuno-taira from 8.2 to 19.7 sec., with the average 
of 15 sec., while the mean duration of the later small stage of the 
principal portion was at the same observing place about 10 sec. 
From these latter results for Yuno-taira, whose distance from the 
crater is only 2.8 km, we may probably infer that the mean 
durations of (1), the entire principal portion, (ii), the specially active 
part, (iii), the secondary active part, and (iv), the tail or after 
shakings, of the explosive process itself at the volcanic focus 
were not much different respectively from (i) 25 sec., (ii) 15 sec., 
(iii) 10 sec., and (iv) 90 sec. 
TABLE XV. THE TOTAL DURATION, AND THE DURATIONS OF THE 
PRELIMINARY PORTION AND PRINCIPAL PORTION OF THE 
EXPLOSIVE ERUPTIONS OF THE ASAMA-YAMA, 


OBSERVED AT YUNO-TAIRA, ASHINO-TAIRA, 
AND THE ASAMA PASTURE GROUND. 


[Longitudinal Component. ] 


Bsplosn. J RES | aati, | ont | a et 
Yuno-taira. 

May 16th. 0.26 95 28.2 16.2 12.0 
» 2Tth. we: 73 29.4 13.8 15.6 
29th. 0.16 88 36.1 22.8 (2) A 

June 13th. oe luv ealiny o 23.2 13.4 9.8 
,¢ A7th: 0.37 115 33.8 ae a 
» 18th. Se 113 24.0 16.4 7.6 
20th. an 94 1106. yee = 
24th. = 88 12.2 oe = 
, 26th (8 am) 0.47 115 15.7 8.2 7.5 
, 26th (11pm) 0.37 150 Dae A abe 13.2 

July 7th (7am) 78 12.4 -— — 
, Vth @pm)- | 0.47 126 14.6 113 3.8 
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5 . . Li « 
Prelim. Total Principal | specially Sareea 
Portion. | Duration. | Portion. | strong part. |pyine, Portion, 


Explosion. 


a 


Yuno-taira. 


July 8th. 0.29 50 22.3 13.1 9.1 
,, 18th. 0.67 138 26.1 15.2 9.9 
,, 18th. 0.29 148 25.6 15.2 10.4 
, 19th. 0.48 140 36.4 = os 
Aug. 12th (7pm) BER 190 28.8 19.7 9.1 
» 12th (11pm) 0.42 260 — — — 
May 5th (1914) 0.55 abies ye 40.0 12.7 27.3 


Ashino-taira. 


Sept. 21st. 0.49 97 24.3 sas oe 
Oct. 9th. 0.52 70 Be a 5 
me isthe 0.50 94 ai) ash Me 
17th. a 116 21.8 sd iat 
fpr, 1.0 104 16.2 Lf im 


Asama Pasture Ground. 


Sept. 21st. 0.61 240) 34.9 es a 
Oct. 7th. 2m 130 = ae a 
17th. as 110 84.7% | 33.4 11.3 
22nd. iM 120 25.3 a _ 
Nov. 14th. 1.9 180 20.4 =a ee 


* Duration of the preliminary and principal portions. 


90. Duration of preliminary portion in longitudinal compo- 
ment. The preliminary portion is in the present cases made up 
of only one small outward movement, always very small and less 
than 0.0051 mm, whose average duration was 0.40 sec. for Yuno- 
taira, 0.63 sec. for Ashino-taira, and 1.4 sec. for the Asama 


Pasture Ground, the approximate horizontal distances of these three 
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places from the crater centre being 2,300; 4,850; and 6,350 m, 
respectively. If we assume a linear relation of the form x*"= 
ky sec., between the horizontal radial distance (x) and the duration 
(y) of the preliminary portion, we get the following values of the 


constant k: 


Torey unO-lhita aiken Coe may... aie ec, k=0.5 
Pi A SIU O- GRA ee she were BS Pew REE Vgeathy 
» Asama Pasture Ground ............ k=45 


As the average from the results for the three places, we may 


take k=6, the assumed equation becoming. 
Kae OW Re C eet se ke ee (1) 


which relation is of course a very rough one, as the distance x is 
simply the horizontal distance from the crater centre. It is not 
clear why the very first, or preliminary, portion is directed out- 
wards. It may be that the motion in question corresponds to the 
2nd and large displacement, of the “ initial vibration” transmitted 
along the path of the quickest propagation, that corresponding to 
the 1st displacement of the same vibration being obliterated on 
account of the smallness of magnitude or some other circumstances. 

91. Initial vibration. The “ initial vibration” (§ 32) forms 
always a quite prominent feature at the commencement of the 
longitudinal component principal portion of the strong detonative 
explosions, and its period seems not to vary among the three 
observing stations of Yuno-taira, Ashino-taira, and the Asama 
Pasture Ground. It is clearly indicated also in some of the dia- 
grams of the strong non-detonative eruptions. In the following 
table are given, for the “ initial vibration” at the different places, 
the 1st displacement (=a) and the 2nd displacement (ans 


their durations, namely, what may be taken as the Ist half-period 
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and the 2nd half-period; the ratio of a,/a,; and the complete 
period T. 


TABLE XVI. ELEMENTS OF THE “INITIAL VIBRATION.” 


Range of Motion. Vibration Period. 


Eruption. 


Ta ey rats | Peer | wana | Sima. 
Yuno-taira. 

May 16th. 0.070) (0102 || “146 | — = 1.52 
» 27th. 0.045 | 0.062 | 1.38 ye ie 1.3 
» 29th. 0.048 | 0.098 2.05 a3 = 2.6 

June 13th. (Small) | (Small) — — — nS 
4 ATE 0.053 | 0.110 2.08 1.0 18 2.8 
» LOth. (Small) | (Small) — — a3 = 
» 20th. 0.010 | 0.025 2.50 = = _ 
,» 24th. 0.014 | 0.040 2.85 = oe 1.8 
» 25th. POT 10,0084) = = aS Ss 2.7 
» 26th. 0.021 | 0.0403] 1.92 = - 1.74 
Ae ne 0.064 | 0.093 1.46 ae. _ 2.3 

July Ist. 0.0097 | 0.043 4.43 — — 2.0 
6 Sith COLT |°,0.037 2.18 0.7 0.78 1.48 
BAe Tien 0.036 | 0.080 2.22, — = 1.61 
Sth 0.046 | 0.088 1.91 ais a 1.95 
» 13th. 0.053 | 0.128 2.32 1.3 ibys 3.0 
, 18th. 0.054 | 0.116 2.15 a ss 2 2.2 
, > 19th. 0.104 | 0.127 1.22 S. a 1.75 

Aug. 12th. 0.029 0.050 1.73 — —— 1.6 
ieee 0.125 | 0.217 1.74 1.15 2.0 3.2 
» Lth. 0.010 | 0.034 3.40 ee nA 9.1 

May 5th (1914). | 0.081 | 0.143 17 ere = 2.16 


ea SSS SS SSS SS SR SSS SSS 
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Range of Motion. Vibration Period. 
Eruption. 
1913) 1st Displ’t | 2nd Disp!’t . ag 1st half 2nd half 
( =A, =Az Ratio : care Period. Period. Sum =T. 


Ashino-taira. 


Sept. 21st. 0.030 | 0.077 | 257 | o97 | 132 | 23 
Oct. 9th. 0,0045 | 0.0175 | 3.89 | 106 | 121 | 23 
15th. 0.009 | 0.035 | 3.89 | 1.05 | 115 | 22 
Saari aa, Bs “ae 15** | 1.2 2.7 
» 22nd. 0.0012 | 0.0069] 5.75 | 09 1.3 2.2 


Asama Pasture Ground. 


Sept. 21st. 0.035 | 0.048 | 1.23 0.66 1.12 1.8 
Oct. 17th. 0.0062 | 0.0206 | 3.32 1.27**| 126 | 2.54 
» 22nd. 0.0018 | 0.0099 | 5.50 144 | 169 26 
Nov. 14th. 0.038 | 0.063 1.66 au = 3.05 
» 20th, 0.005 | 0.019 3.80 at = 2.5 


(1) At 8.09.40 am. (2) At 1141.59 pm. (3) At 7.10.32. a.m. (4) At 9.46.53 pm. (5) At 
7.45.08 p.m. (6) At 11.20.33 p.m. ** Including the preliminary portion. 


According to Table XVI, the 2nd, or outward, displacement 
(a,) was, for Yuno-taira, greater than the Ist, or inward, dis- 
placement (a,), in the average ratio of 2.1:1. For Ashino-taira 
and the Asama Pasture Ground, this ratio was greater, being 4.0 
or 3.1. The complete period of the “ initial vibration”? at Yuno- 
taira was with a few exceptions included between 1.6 and 2.8 
sec., the average value being 2.1 sec. At Ashino-taira, it was 
very uniform, being in the 4 out of the 5 cases, 2.2 or 2.3 sec., 
with the average of 2.3 sec. Finally, at the Asama Pasture 
Ground, the period varied between 1.8 and 3.1 sec., with the 
average of 2.6 sec. The total average, deduced from the observa- 
tions at the three stations, is 2.2 sec., this being, according to 
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my assumption explained in § 32, the time interval taken by the 
actual outbursting, or the initial breaking process of the explosion. 
Again, the approximate average value of the 1st half-period was 
0.9 sec., while that of the 2nd half-period was 1.3  sec., which, 
according to the same assumption are respectively the approximate 
time interval of the upward push or shock of the explosive force, 
and that of the quickly following formation of the eruptive aperture 
by the exploding gases. The slow-period large displacements 
succeeding the ‘“ initial vibration’? may also be due to the propa- 
gation of the state of the deformation and ultimate rupture of the 
lava mass at the moment of the explosion. 

In the following §§, are given remarks respecting the com- 
parison of the longitudinal and the transverse components, the 
period of the vibrations (the “ initial vibration” excepted), ete. 

92. Observation at Asama Pasture Ground of strong ea- 
plosions of 1913. The duration of the preliminary portion varied 
in the transverse component, between 0.62 and 2.5 sec., with the 
average of 2.1 sec., being 1.1 sec. longer than that in the longi- 
tudinal component. The duration of the principal portion varied 
between 22 and 36 sec., with the averages of 32 and 27 sec. 
respectively for the longitudinal and the transverse components. 

The mean value of the different group periods (Table XVII), 
deduced from the longitudinal and transverse components, are :— 
_ (i) 4.4 sec.; (i1) 2.46 sec. ; (iii) 1.0:sec.; (iv) 0.36 sec. 


Group. Average Period. Blew oe Max. 2e t 
; (Longit. Compt.) (Transv. Compt.) 
i 4.4. see. 0.035 mm. — mm. 
ii 2.46 0.122 0.106 
ili Ao) 0.073 0.073 


iv 0.36 0.032 0.028 


eee 
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Of these four groups, the (iii) occurred most frequently, while the 
(ii) corresponded to the vibrations with the greatest 2a. The time 
interval between the earthquake commencement and the occurrence 
of the absolutely maximum 2a was 3.1 to 7.7 sec. in the longi- 
tudinal, and 7.8 to 17.5 sec. in the transverse component; the 
average values in these two directions being respectively 6.1 and 


12.5 see., as follows :— 


Longitudinal Transverse 

Explosion. Component, Component. 

September 21st. 3.1 sec. 11.1 sec. 
October L5th. — 17.5 
October 17th. 1.5 8.9 
October 22nd. tet. 7.8 
November 14th. — Eps 

Mean, 6.1 see. Mean, 12.5 see. 


Thus the interval in question was about 5.4 sec. longer in the 
transverse than in the longitudinal component. The duration of 
the earlier portion of the earthquake motion free from the mixture 


of quick vibrations was :— 


(1) Longitudinal (2) Transverse 

Explosion. Component. Component. 

October 22nd. 4.4 sec. 4.5 see. 
September 21st. 6.9 | 15.6 
October 17th. 10.3 8.8 

Mean, 7.2 see. Mean, 9.0 see. 


Thus the quick superposed vibrations occurred about 2.0 see. 


earlier in the longitudinal than in the transverse component. 
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TABLE XVII. STRONG EXPLOSIONS IN 1913 OBSERVED AT 


THE ASAMA PASTURE GROUND: PERIODS.* 


(The 2a corresponding to a given period is enclosed in brackets.) 


Longitudinal Component. 


mm. 


4.4 (0.035) 


2.65 (0.112) 


1.47 (0.024) 
1.40 (0.011) 
1.30 (0.007) 


Transverse Component. 


sec. 


4.4 


2.60 (0.078) 


mr 


1.60 (0.013) 
1.44 (0.052) 
1.30 (0.058) 


2.56 (0.122) 1.05 2.60 (0.058) 1.16 (0.048) 
2.40 (0.087) 1.02 2.57 (0.035) 1.10 (0.015) 
2.20 (0.042) 1.00 (0.007) | 2.53 (0.069) 1.10 (0.012) 
2.45 0.97 (0.046) | 2.48 (0.106) 1.05 (0.009) 
0.96 (0.015) || 2.00 (0.010) 1.05 (0.068) 
0.36 0.80 (0.073) | 2.46 1.03 (0.017) 
0.25 (0.081) 0.78 (0.031) 1.03 (0.023) 
0.27 (0.028) 0.74 (0.012) || 0.50 (0.013) 1.08 (0.072) 
0.22 (0.032) 0.71 (0.072) |] 0.48 (0.009) 1.00 (0.030) 
0.28 0.70 (0.020) | 0.29 (0.028) 0.98 (0.073) 
0.61 0.42 0.93 (0.024) 
0.97 0.92 (0.049) 
0.89 (0.022) 
0.83 (0.009) 
0.81 (0.035) 
0.79 (0.066) 
0.70 (0.017) 

1.04 


* Exclusive of the “ initial vibration.” 


93. Strong explosions in 1913 observed at Ashino-taira. 


Mean values are printed in gothic figures. 


Duration. The duration of the preliminary portion varied in the 
longitudinal motion between 0.49 and 1.0 sec., and in the trans- 
verse between 1.2 and 1.9 sec., with the mean values respectively 
of 0.63 and 1.6 see. ; 


than in the former component. 


it being about 1.0 sec. longer in the latter 


Again, the duration of the principal 
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portion varied between 15.4 and 24.3 sec., giving for the longi- 
tudinal and transverse components the mean values respectively of 
20.8 and 18:1 sec. 

In the explosions of Sept. 21st and Oct. 22nd, the durations 
of the specially strong portion in the transverse component were 
5.6 and 8.3 sec., giving the mean of 7 sec. Again, in the explo- 
sions of Sept. 21st, Oct. 9th and 22nd, the superposition of the 
quick vibrations in the longitudinal component began. respectively 
6.1 sec., 5.6 sec., and 4.4 sec. after the commencement, giving the 
mean interval of 5.4 sec. 

Period. As shown in Table XVIII, the mean values of the 
different group periods averaged from the longitudinal and_ trans- 
verse components are (i) 2.5 sec., (ii) 1.17 see., and (iii) 0.35 see. 
The vibrations of the group (ii) occurred most frequently, while 


those of the group (i) had the greatest 2a. 
—— ee ee 


Longitudinal Component. Transverse Component. 

Average T. Max. 2a. Average T. Max. 2a. 
2.40 sec, 0.093 mm. 2.50 sec. 0.064 mm. 
iDelts: 0.034 1.15 0.038 
0.34 0.020 0.38 — 


ra | 
The period of the pulsatory oscillations, or the free vibrations 


before and after the earthquakes was 3.6 sec. (max. 2a=0.0012 mm) 
in the longitudinal and 3.8 sec. in the transverse component. 

Maximum vibration. The time intervals between the com- 
mencement of the earthquake and the occurrence of the maximum 
vibration in the longitudinal component of the explosions of Oct. 
9th and 22nd were 7.4 and 7.0 sec.; while in the transverse 
components of the explosions of Sept. 21st and Oct. 17th, the 
intervals were 6.2 and 10.1 see. 
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TABLE XVIII. STRONG ASAMA-YAMA EXPLOSIONS IN 1913 
OBSERVED AT ASHINO-TAIRA: PERIODS.* 


(The 2a corresponding to a given period is enclosed within brackets.) 


Longitudinal Component. Transverse Component. 


3.2 (0.0663) 2.9 (0.064) 
2.6 (0.021) 2.8 (0.0206) 
2.43 (0.093) 1.9 (0.0012) 
2.1 (0.0042) 2.5 
1.9 (0.0275) . 1.6 (0.008) 
2.4 i 


1.47 (0.0024) 
1.45 (0.0048) 
1.40 (0.011) 
1.20 (0.0018) 
1.05 

1.04 (0.034) 
0.98 


0.88 (0.0218) 


1.18 


0.36. (0.020) 


0.31 (0.0175) 


0.34 


1.35 (0.038) 
1.30 (0.0053) 
1.20 
1.12 (0.0011) 
1.01 (0.0206) 
0.90 (0.0028) 
0.87 (0.014) 
0.73 
115 


0.38 


* Exclusive of the “initial vibration.” Mean values are printed in gothic figures, 


94. Strong explosions observed at Yuno-taira. The super- 
position of smaller movements on the “ initial” and succeeding 
slow vibrations in the longitudinal component appeared a few 
seconds after the earthquake commencement; this interval being, 
in two of the cases, 2.3 and 3.4 sec. respectively. The time 
difference between the earthquake commencement and_ the 
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occurrence of the absolutely maximum motion in the longitudinal 
component was from 8.0 to 12.3 sec., with the mean value of 


10.2 sec., as follows :— 


8.0. sec. 

9.2 | 

9.9 Mean, 10.2 sec. 
11.8 

1 bs) 


The maximum 2a of the “ quick tremors” was 0.077 mm. 

The periods of vibrations (Table XIX) in the principal and 
end portions of the longitudinal component of the earthquake 
motion due to the different explosions can more or less distinctly 


be divided into five groups, of the following mean values :— 


(i) T=5.3 sec. (max. 2a—0.19 ) (iv) T=0.74 sec. (max. 2a — 0.083) 
(ii) seek, Cm, 2,7 wee 0.048) (v) »=0.37 ,, (  j/eieeeeeeone 
UI pL a5 Pare ee Oe 0) 


TABLE XIX. STRONG EXPLOSIONS IN 1913 AND 1914 OBSERVED AT 
YUNO-TAIRA: PERIODS.* (LONGITUDINAL COMPONENT.) 


(The 2a corresponding to a given period is enclosed within brackets.) 


EEE 


(i) (ii) (iii) sec. 
sec. mm sec, mm sec. mm 4 . 34 mm 
6.5 (0.171) 2.3 (0.048) 1.60 (0.0025) 1.36 (0.021) 
5.8 (0.140) 2.3 1.60 (0.011) 1.33 (0.022) 
4.9 (0.055) 2.2 (0.0065) 1.50 (0.085) 1.30 (0.039) 
4.6 (0.134) 1.9 1.47 (0.059) 1.28 (0.041) 
4.5 (0.114) 1.85 (0.0058) 1.45 1.24 (0.118) 

ic. bhp nae eee LAI 1.26 

5.3 1.40 (0.0018) 1.20 (0.084) 
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sec, 


1.20 

116 mm 
1.14 (0.046) 
1.14 (0.017) 
1.12 

1.12 (0.031) 
1.11 (0.030) 
1.10 (0.031) 
1.10 (0.023) 
1.10 

1.05 (0.105) 
1.00 (0.003) 


13 


(iv) 
sec, mm 
0.93 (0.019) 
0.89 (0.041) 


sec, mm 


0.85 (0.009) 
0.84 (0.0046) 
0.82 (0.012) 
0.81 
0.80 (0.062) 
0.80 
0.79 
0.78 (0.044) 
0.78 (0.0014) 
0.77 (0.0027) 
0.75 
0.75. (0.023) 
0.72 (0.005) 
0.71 (0.0162) 
0.70 (0.0113) 
0.70 
0.70 
0.65 (0.026) 


sec, 
2p 
0.65 mm 


0.63. (0.0134) 
0.61 

0.60. (0.0036) 
0.59 (0.083) 
0.58 (0.028) 


0.53 (0.0028) 


0.73, 


(Vv) 


sec, mm 


0.47 (0.0248) 
0.45. (0.009) 
0.44 (0.028) 
0.44 (0.037) 
0.44 

0.40 (0.045) 
0.40 
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sec, mm 
0.40 (0.019) 
0.40 
0.40 
0.39 


0.38 (0.026) 
0.37 (0.0174) 
0.36. (0.050) 
0.36 (0.0096) 
0.36 (0.017) 
0.35. (0.021) 
0.34 (0.008) 
0.33. (0.058) 
0.29 (0.0012) 
0.27 (0.014) 
0.27 (0.029) 
0.27 (0.058) 
0.26 (0.025) 


0.37 


* Exclusive of the “ initial vibration.” 


Mean values are printed in gothic figures. 


The periods most frequently occurring were (iv) and (v). The 


magnitudes of the max. 2a’s corresponding to the different groups 


were, excepting (ii), in order of the lengths of period, namely, 


greatest for (1) and least for (v). 


The periods occurring in some of the transverse component 


diagrams indicated the mean values of 1.4 and 2.6 sec., as follows: 


Sec. 
1.52 a= 


1.50 


1.45 (0.004 mm) 
1.44 (0.054 ,, ) 


1.18 


- Mean, 1.4 see. 


’ | Mean, 2.6 sec. 
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In the explosions of July 13th and 19th, the maximum vibra- 
tion in the transverse direction occurred respectively 8.5 and 6.5 
sec. after the commencement of the earthquake. 

95. Strong non-explosive eruption of Nov. 20th, 1913, 
observed at Asama Pasture Ground. ‘The duration of the 
preliminary portion was 1.6 sec. longer in the transverse than in 
the longitudinal component. The duration of the principal portion 
was also 9.4 sec. longer in the former than in the latter. 

The quick vibrations began to appear 5.6 sec. after the earth- 
quake commencement, or 3.6 sec. after the end of the 1st dis- 
placement of the “ initial vibration.” Again, the absolutely maxi- 
mum movements in the longitudinal and the transverse components 
occurred respectively 12.3 and 10.9 sec. after the earthquake com- 
mencement. 

The periods of vibration in the principal and end portions, 
can be divided in 8. distinct groups, (Table XX), their mean 
values, ‘averaged from the longitudinal and transverse components, 
being (1) 2.2 sec.; (ii) 1.1 see.; and (iii) 0.23 sec. The (ii) period 
occurred most frequently, while the (i) period corresponded to the 
greatest range of motion. 
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TABLE XX. NON-EXPLOSIVE ERUPTION OF NOV. 20TH, 1913, OBSERVED 
AT THE ASAMA PASTURE GROUND: PERIODS.*« 


(The 2a corresponding to a given period is enclosed within brackets) 


Longitudinal Component. Transverse Component. 
sec, mm (1') 
3.3 (0.053) sec, mm 


2.20 (0.040) 
1.48 (0.146) 


3.3 (Pendulum period ?) 


(1) 


1.84 
24 (0.21) 
(4i’) 
(ii) 1.40 (0.051) 
1.20 (0.011) 1.30 (0.012) 
1.06 (0.048) _ 1.07 (0.094) 
0.82 (0.062) 1.03 (0.088) 
ae: 0.93 (0.100) 
1.15 
(iii) 
0.26 (0.032) (iii') 
| 0.20 
0.18 (0.011) 
0.19 


* Exclusive of the “ initial vibration.” Mean values are printed in gothic figures. 

96. Strong non-explosive eruptions observed at Yuno- 
taira: longitudinal component. The duration of the preliminary 
small portion in the different strong non-explosive eruptions was 
as follows :— 


sec. mm sec. mm 
1.5 (max. 2a—0.0027) 47.7 (max. 2a=0.0067) 
PAU Oe 0.034) 56.6 ( a 0.021) 


23° ( 4 0.048) 
ae ai . 0.023) 
Mean, 2.3 see. 
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In the Ist four cases, the duration in question varied between 
1.5 and 3.2 sec., with the average of 2.3 sec.; while in the two 
remaining cases, it was very long, being about 50 and 60 see. 
respectively. Again, the total duration of the principal portion 
varied between 13.1 sec. and 43.6 sec., with the average of 24.2 
sec., while the duration of the specially active part varied between 


9.0 and 11.2 sec., with the average of 9.9 sec., as indicated 


below :— 
Principal Portion. Specially active part. 
13.1 see. 9.0. see. 
13:45. ,, 04a 
EE lie 
BOO the: Mean, 9.9 see. 
Mente 
43:60. 


Mean, 24.2 sec. 


The greatest 2a of the “Initial vibration,” which was dis- 
tinctly indicated in three of the cases, was 0.043 mm; the T being 
1.08 to 2.1 sec., as follows :— 

T=2.1 sec.; Ist motion=0.010 mm, 2nd motion =0.034 mm 
ROP Ne a 0.0097 ,, 0.043. ,, 
TOSs., - 0.0052 ,, - OL 

As will be seen from Table XXI, the periods most frequently 
occurring in the preliminary portion, the principal portion, and the 
end portion varied between 1 and 1.5 sec., the average values 
being respectively 1.21; 1.26; and 1.21 sec. Taking together the 
three different phases of motion, we obtain the following mean 
values of period :—(i), 0.32 sec. (max. 2a—0.029 mm) }-( 11), 0.75 
sec. (max. 2a=0.015 mm); (iii), 1.24 see. (max. 2a=0.048 mm) ; 
(iv), 1.85 sec. (max. 2a=0.0067 mm). 


TABLE XXI. 
AT YUNO-TAIRA: PERIODS.* 
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(Lhe 2a corresponding to a given period is enclosed within brackets.) 


0.23 (0.0013) 
0.31 (0.0004) 
0.39 
0.42 
0.34 


0.61 (0.0023) 
0.73 


0.99 (0.0010) 
1.2 (0.0008) 
1.3 (0.0024) 
1.35. (0.0040) 
1.21 en 


Principal Portion. 


0.30 (0.016) 
0.23 
0.45 (0.009) 
0.24 (0.011) 
0.27 (0.022) 
3.0 


0.71 (0.0033) 
0.80 (0.015) 
0.90. (0.008) 
0.94 
0.84 


1.00 (0.016) 
1.10 (0.021) 
1.14 (0.026) 
1.18 (0.009) 
1.19 (0.013) 
1.20 (0.0027) 
1.23 (0.023) 
1.27 (0.0047) 
1.34 (0.021) 
1.45 (0.023) 
1.55 (0.031) 
1.54 (0.048) 
Tobin 


1.90 (0.0067) 


End Portion. 


0.23 
0.27 
0.36 
044 
0.38 
0.58 (0.0015) 
0,64. (0.004) 
0.67 
0.76 (0.0059) 
0.77 
0.82 
0.71 


0.97 
1.04 
1.08 (0.0037) 
1.24 (0.0041) 
1.25 
1.27 
1.35 (0.0021) 
1.50 
1.21 


1.80 (0.0019) 


* Exclusive of the “initial vibration.” Mean values are printed in gothic figures. 
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STRONG NON-EXPLOSIVE ERUPTIONS IN 1913, OBSERVED 
(LONGITUDINAL COMPONENT.) 


a 


Preliminary Portion. 


a 
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97. Small non-explosive eruptions and volcanic tremors on 
Oct. 2nd, 1912: longitudinal component. As indicated in the ac- 
companying table, the duration of the principal portion of the 
non-explosive eruptions varied between 5.7 and 18.6 sec., with the 
mean value of 10.7 sec.; while that of the preliminary phase was 
comparatively long and varied between 4.2 and 8.8 sec., with the 
mean value of 5.8 sec. Thus the preliminary phase lasted on the 


average about half as long as the principal portion. 


Duration of Preliminary Portion. Duration of Principal Portion. 
4.2 sec. 5.7 sec. 9.4 see. 
4.3 8.0 10.4 
4.5 8.1 10.6 
4.7 8.4 11.6 
5.4 9.0 12.8 
5.6 9.0 14.4 
5.6 9.0 15.0 
6.6 18.6 
6.9 Mean, 10.7 sec. 
7.0 
8.8 


Mean, 5.8 sec. 


The different periods occurring in the small eruptions, which 
may be grouped into 3 divisions (Table XXII), give the average 
values practically identical with those in the volcanic tremors, as 


follows :— 
Small Eruptions ....(i) 1.32 sec.; (ii) 0.91 sec.; (iii) 0.46 sec. 
Volcanic Tremors... . Loe, Diane, an O41 Fe 


In the cases of the small eruptions, the greatest vibrations (max. 


2a=0.0283 mm) belonged to the group (i). In the volcanic 
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tremors, the largest vibrations (max: 2a=0.0068 or 0.0067 mm) 


belonged to the two groups (i) and (ii). 


TABLE XXII. SMALL ERUPTIONS AND VOLCANIC TREMORS ON 
OCT. 2ND, 1912, OBSERVED AT YUNO-TAIRA ; PERIODS. 
(LONGITUDINAL COMPONENT), 


(The 2a corresponding to a given period is enclosed within brackets). 


Non-explosive Eruptions (Prel. Tremor, Prine. Portion, Tail). Volcanic Tremors. 


a 


sec, mm 
1.39 (0.0044) 
1.37 (0.0283) 
1.35 (0.0089) 
1.32 (0.0037) 
1.27 (0.0235) 
1.27 

1.27 

1.32 sec. 


mm 


sec. 
1.10 (0,0068) 
1.06 
1.04 (0.0102) 
1,04 
1.03 
1.01 
0.92 (0.0096) 
0.92 
0.89 
0.89 (0.0009) 
0.82 (0,0008) 
0.72 (0.0008) 
0.70 (0.0035) 
0.64 (0.0008) 


0.91 sec. 


mm 


sec. 
0.58 (0.0102) 
0.58 
0.58 
0.57 (0.0040) 
0.56 (0.0012) 
0.56 
0.55 (0.0125) 
0.53 (0,0049) 
0.53 
0.52 (0.0246) 
0.52 
0.48 (0.0093) 
0.48 
0.47 (0.0164) 
0.47 
0.46 (0.0030) 


sec. mm 


0.46 
0.46 
0.46 
0.44 (0.0093) 
0.42 
0.41 (0.0068) 
0.40 (0.0017) 
0.40 
0.40 
0.40 
0.36 (0.0129) 
0.36 
0.36 
0.36 
0.35. (0.0041) 
0.33. (0.0081) 
0.31. (0.0078) 


0.46 sec. 


mm 


sec. 

1.32 (0.0047) 
1.32 

1.30 (0,0042) 
1.29 (0.0068) 
1.26 (0.0037) 
1.24 (0.0067) 
1.23 (0.0056) 
1.19 (0.0039) 
1.18 (0 0042) 
1.17 (0,0089) 


1,25 sec. 


mm 


0.55 (0.0036) 
0.50 (0.0047) 
0.49 (0.0041) 
0.49 

0.46 (0.0014) 
0.45 (0.0021) 
0.38 (0.0009) 
0 34 (0.0017) 
0.32 (0.0009) 
0.32 (0.0017) 
0.29 (0.0025) 
0.27 (0.0017) 


1,00 (0.0027) 0.41 sec. 


0.97 (0.0034) 
0.96 (0.0033) 
0.95 (0.0046) 
0.95 

0.94 (0.0055) 
0.93 (0.0067) 
0.92 (0.0037) 
0.88 (0.0057) 
0.85 (0.0047) 
0.84 (0.0060) 
0.83 (0.0044) 
0 82 :0.0049) 


0.91 sec. 


Peer eee ee ee SS 
98. Small eruptions in 1911-1912 observed at VYuno-taira. 
Table XXIII gives the total duration, and the durations of the pre- 


liminary tremor and of the principal portion in the longitudinal 


and transverse components of the 17 small eruptions observed at 
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Yuno-taira in the summer months of 1911 and 1912, arranged in 
order of time length. 


TABLE XXIII. SMALL ERUPTIONS IN 1911-1912 obs:2rved at 
Yuno-taira: Duration. 


Total Duration of Prel. Tremor. Duration of Prine. Portion. 
SPAT ok Longitudinal. | Transverse. || Longitudinal. | Transverse. 
15 see 0.7 sec 3.4 see 4.6 sec 8.7 see. 
20 1.3 4,2 9.5 8.8 
25 2.0 4.8 10.0 12.8 
26 3.1 5.3 LL 14.6 
28 3.8 6.1 115 15.0 
30 3.9 18.2 13.3 15.8 
40 4.6 14.0 
A3 5.0 14.6 
45 5.1 15.0 
54. 5.8 toca 
60 6.0 18.6 
65 6.6 1S By. 
65 9.0 19°S 
68 16.8 
73 
80 
Mean, 46 5.3 7.0 13.8 12.6 


a a ee 
According to the above table, the total duration of the dis- 


turbances varied mostly from 25 to 70 sec., with the mean value 
of 46 sec.; while the duration of the principal portion was limited 
generally between about 9 and 20 sec., with the mean of about 
13 sec. The latter may be taken as indicating the average length 
of time, during which the smokes continued to be emitted vigorous- 


ly in the small outbursts under consideration. The duration of the 


The Eruptions and Earthquakes of the Asama-yama. IV. 153 


TABLE XXIV. SMALL ERUPTIONS IN 1911 AND 1912 OBSERVED 
AT YUNO-TAIRA: PERIODS. 


(The 2a corresponding to a given period is enclosed within brackets.) 


Longitudinal Component. Transv. Compt. 


(1) 


(ii) 


mm. 


sec. 


(iii) 


(i1) 


mm. 


(0.001) 0.95 (0.015) 0.52 1.4 (0.0033) 
1.6 (0.006) 0.94 (0.002) 0.47 (0.0028) 1.25 (0.014) 
1.6 0.93 (0.0026) 0.47 1.2 
1.6 0.92 0.44 1.28 
1.5 (0.013) 0.91 0.43 
1.5 0.90 (0.018) 0.40 (0.017) io 
1.4 (0.0025) 0.90 0.40 0.91 (0.0036) 
1.4 0.87 (0.0052) 0.40 0.88 (0.005) 
14 0.87 0.38 0.80 (0.021) 
1.35 (0.0046) 0.86 (0.0036) 0.37 0.79 (0.018) 
1.32 (0.022) 0.82 (0.0023) 0.35 0.78 (0.0035) 
1.20 (0.019) 0.82 0.33 0.77 (0.030) 
1.20 0.80 (0.013) 0.30 0.72 (0.014) 
1.20 0.80 0.26 0.72 
1.10 (0.023) 0.80 0.39 0.67 (0.004) 
1.08 0.78 (0.0031) 0.65 (0.0018) 
1.38 0.76 (0.0036) 0.58 


0.75 (0.031) 
0.74 (0.007) 
0.74 
0.72 (0.0025) 
0.71 
0.66 
0.65. (0.0026) 
0.65 
0.63. (0.0013) 
0.60 


0.80 


0.54 


0.53 (0.017) 


0.72 


See ee ee 
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preliminary tremor, which is in the present instances to be regard- 
ed as mainly denoting the interval of the premonitary phase of 
the eruption, varied within wide limits, namely, from 0.7 sec. up 
to 18.2 sec.; the discrepancy of 1.7 sec. between the average 
values in the longitudinal and the transverse directions, namely, 
5.8 and 7.0 sec., being probably due to the difference in the pro- 
pagation velocity of the two component waves. 

The periods of vibrations occurring in the different cases were, 
arranged according to descending order of magnitude, as in Table 
XXIV; the mean values of the different groups being, for the 
longitudinal component, 1.38 sec. (max. 2a=0.023 mm), 0.80 sec. 
(max. 2a=0.031 mm), 0.39 sec. (max. 2a=0.017 mm), and, for the 
transverse component, 1.28 sec. (max. 2a=0.014mm), 0.72 see. 
(max. 2a=0.030 mm). 

99. Average vibration periods at different places. In Table 
XXYV are collected the average values of the different group periods 
occurring in the seismograms of the various Asama-yama eruptions 
observed at Yuno-taira, the Asama Pasture Ground, and Ashino- 
taira ; those in the records of the ordinary or distant earthquakes 
(Chapter XI) obtained at the two former places being also given, 
for the sake of reference. 
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TABLE XXV. AVERAGE VIBRATION PERIODS AT THE DIFFERENT 
OBSERVING PLACES. (L)....LONGITUDINAL. (T).... TRANSVERSE. 


Periods of frequent occurrence are printed in thick letters, while those corresponding to 
large 2a are indicated with asterisks. 


Eruption. ‘Observing Place. i ii iii iv v vi 


ae eae 
Yuno-taira 
T — = Dib 1.4 i gi 
Stron x 
ie 8 Asama Pasture( U-+--| 9 — 4.4 2.45*] — | 0.97 io 
pat: Grate |) ly o44,| 2.46%) | .1.04|) 9 
L — — 2.4 1.18 = 
Ashino-taira | 7 2 5% 1.15 0.35 
= = 1.85 1.23*| 0.74 0.33 
Strong Yuno-taira | 
Non-Explosive 
Eruption. Asama Pasture ({ © ---- Te — 2.4* 1.03 — 0.23 
Ground 1 = = 2.02% 1.15 — 
Small Eruptions} _ ; L _ _ — 1.38 0.80%; 0.39 
(1911—1912), Yuno-taira | 1.28 0.72% 
‘ en ed =: oat rar 
‘Small Eruptions hee eee a a 1.32%; 0.91 0.45 
and Vole. Tremors. Do. 
(Oct. 2nd, 1912.) ab — — — 1.25%; 0.91 0.51 
Ordinary Yuno-taira, Lier, 26.4 6.0 2.2 — 0,95 0.38 
Earthquakes. | Asama P,G L.... _ 5.4 — — 0.76 0.28 


According to Table XXV, the vibrations composing the earth- 
quake movements caused by the eruptions of the Asama-yama, 
whether explosive or non-explosive, seem to be essentially of equal 
periods at the different observing places; there being no material 
difference in this respect between the longitudinal and the trans- 
verse components. The periods can evidently be classified into 
the five groups, ii, iii, iv, v, and vi, whose general average values 
are as follows :— 

(ii) 4.9 see. (v) 0.85 sec. 
(iis. (vi) 0.37 ,, 
(iv) 1.23, 
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The period most frequently occurring are (v) and (iv), and then 
(iii), while all these three groups correspond to the large values of 
Ya. Further, it seems probable from the table, that the different 
periods occurring in the cases of the eruptions, and others much 
longer, are to be found in the diagrams of ordinary, or non- 
voleanic, earthquakes observed on, or at the base of, the Asama- 
yama. The various periods considered above must, therefore, be 
assumed to be characteristic of the mass of the voleano, including 
the region surrounding it. The period (ii) is identical in nature 
with the pulsatory oscillations, while (iii) is evidently identical 
with the period of the “initial vibration” (§ 91). Thus the 
duration of the eruptive process at the moment of the outburst 
seems to be regulated by the proper oscillations of the mountain 
system itself. The quick vibrations of period (vi) of about 4 see., 
which occurred some interval after the “ initial vibration,’ may 
possibly be the surface waves caused by the latter and the suc- 
ceeding large movements attending the actual explosion. The time 
interval between the first appearance of those minute movements 
and the earthquake commencement seems to be different for the 
three places of observation. (See Chapter XIV.) 

As may be noticed from Table XXV, there is no fundamental 
difference in the values of the various periods between the 
longitudinal and the transverse components. In a few cases, how- 
ever, the period of the vibrations occurring at the commencement 
of the transverse component was half of that in the corresponding 
epoch of the longitudinal, a property which is often found to be the 
case of the movements in the two directions in question. 

100. Direction of preliminary portion and “initial wvtbra- 
tion.” The average durations of the preliminary portion of the 


small eruptions and volcanic micro-tremors on Oct. 2nd, 1912, and 
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of the other small eruptions considered in Chapter VIII, were 
respectively 5.3 and 5.8 sec., those of the strong non-explosive 
eruptions being sometimes much longer. The preliminary portion 
in these cases are quite different in nature from the ordinary pre- 
liminary tremor. The preliminary portion, or the exceedingly 
small outward displacement at the very commencement of the ex- 
plosive eruptions, seem to be almost entirely longitudinal in nature. 
Thus, in the three explosions of July 7th and 13th, 19138, and of 
May Sth, 1914, observed at Yuno-taira, the directions of the 
motion in question were respectively N70°W, 888° W, and 
885° W, giving the mean of about N85°W, while the crater is 
approximately towards the N20°E from the observatory. Again, 
in each of the eruptions of July 7th and Nov. 20th, 1913, observed 
at Yuno-taira, the direction of the preliminary portion was nearly 
longitudinal. 

The direction of the Ist displacement of the ‘ initial vibra- 
tion” was also accurately or very nearly longitudinal in the cases 
of the 4 explosions observed at the Asama Pasture Ground. In 
the 3 cases of the explosions of July 7th and 19th, 1913, and of 
May 5th, 1914, the direction in question were respectively toward 
N63° E, N70° HE, and N8&6° E, giving the mean of N73° E, or the 
direction of the crater. 

101. Small slow regular vibrations on Aug. 12th, 1918. (Fig. 
48.) For 134 min. between 1° 262™ and 1" 404” pm., on Aug. 
12th, 1913, the tromometer diagrams indicated an unbroken series 
of perfectly regular small vibrations, which were not due to a direct 
explosion or earthquake shock, but must have been the result of 
a gradual accumulation of some internal voleanic tension compos- 
ing a forerunner of the subsequent strong explosions. According 


to this assumption the movements under consideration were 
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nothing else than one of the types of the natural vibrations of the 
top portion of the Asama-yama, or the surface rocky material 
resting on the lava reservoir, which was thrown into a state of 
free oscillations by the incessant or frequent applications of impul- 
sive pressure from within, just in the same manner as a bridge 
truss of long span is caused to vibrate with a gradually increasing 
amplitude by the running of a man or the slow passage of a train 
over it. | 

Lromometer Diagram: Longitudinal Component. The motion, 
which was at first small, with the average period of 1.24 sec., 
was gradually increased in the course of about 130 see. to 2a= 
0.0028 mm, with the average period of 1.34 sec.; thence decreas- 
ing to a minimum in about 32 sec. For the next 24 min. the 
motion presented a series of smaller vibration groups at an average 
interval of about 29 sec., the mean value of the average periods 
measured in the maximum and minimum parts being respectively 


1.17 and 1.16 sec. as follows. 


Maximum Part :— Minimum Part :— 
T=1.16 sec. (max. 2a—0.0018) T=1.20 sec. (max. 2a=0.0014) 
lel Bey ae a 0.0025) TBH) ane Lek “a 0.0011) 
LAth Sa rf 0.0018) 11a, lt 0.0011) 
IOS i - 0.0018) 11D ad, A 0.0007) 


In the later portion, the elements of the well defined motion was 
as follows: T=1.13 sec., 2a=0.0015 mm. 

In the tremor-recorder diagram (magnification= 100), the 
motion was only slightly indicated in the longitudinal direction, 
but distinctly in the transverse direction. The average period in 
the principal part of the latter component was 1.27 sec. Tt may 
be remarked that the period of the regular vibration in question 
was the same as that of the group (iv) in § 99. 
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CHAPTER X. NON-ERUPTIVE VOLCANIC EARTHQUAKES 
OBSERVED AT YUNO-TAIRA, ASHINO-TAIRA, 
AND THE ASAMA PASTURE GROUND. 


102. I describe below, just by way of examples, only a few 
typical cases of the Asama-yama volcanic earthquakes which were 
accompanied by no eruption; the illustrative diagrams being given 
in Figs. 70 and 71. 

103. Examples of shocks of short duration observed at 
Yuno-taira. In this § I describe a few cases of the volcanic shocks, 
whose principal portion was of a very short duration. 

Earthquake of Sept. 13th, 1911; at 8. 48. 09 p.m.: Longitudinal 
Component. (Fig. 71.) (Duration=10 sec.) The commencement of 
the earthquake was perfectly abrupt, the 1st displacement being 
0.055 mm directed toward the crater, followed by the maximum 
movement of 2a=0.12 mm directed away from it. Thereafter the 
motion rapidly decreased, the duration of the earthquake proper 
being only 2.6 sec. The end portion, about 7 sec. in duration, 
consisted of minute movements, whose 2a was less than 0.001 mm. 
This earthquake was preceded by a very small shock, which 
occurred at 8. 42. 30 p.m., and whose initial and maximum 
displacement was about 0.001 mm. 

Earthquake of Sept. 26th, 1911, at 3. 24. 46 and 3. 24. 56 
a.m.: Longitudinal Component. These two shocks together formed 
a continuous disturbance, whose principal portion lasted 5.1 sec., 
the max. 2a’s being respectively 0.012 and 0.011mm. The end 
portion was very small and lasted about 5 sec. The lst earth- 
quake was preceded 9 sec. earlier by a very slight shock of total 
duration=3 sec. 

Earthquakes of Sept. 26th,.1911, at 3. 26. 16 and 3. 26. 37 
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a.m.: Longitudinal Component. The Ist earthquake, which was 
not sensible and lasted 21 sec., began with an initial displacement 
of 0.002mm. The maximum 2a of 0.03mm took place at the 
commencement of the principal portion, whose duration was 2.8 
sec. The end portion, about 18 sec. in duration, seemed to be 
composed during the first 3.0 sec. of two extremely small shocks 
occurring in quick succession. The principal portion of the 2nd 
earthquake, which was much larger and sensible, lasted 6.5 see. 
and began abruptly, the 3rd_ vibration being the greatest, 2a= 
0.09 mm. In the Ist 16.6 sec. of the end portion, the vibrations, 
which rapidly decreased, continued quick in period: T=0.35 see. 
During the remaining 50 sec., the quick vibrations almost disap- 
peared, and the motion consisted principally of slow movements 
of T=1.4 sec. and of those of T=0.78 sec. Total duration of the 
2nd earthquake=78 sec. 

Earthquakes of Oct. 5th, 1911. The earthquake at 2. 40. 46 am. 
This was the largest of the group of the shocks on Oct. 5th and was 
sensible at Yuno-taira, commencing with the max. vibration, 0.26 
and 0.19 mm respectively in the longitudinal and the transverse 
directions. The motion quickly decreased and was brought to end 
respectively in 30 and 20 see. in the two directions. This dis- 
turbance was preceded by a small sensible shock, of max. 2a— 
0.042 and 0.046mm_ respectively in the longitudinal and the 
transverse components. The earthquake at 2..43. 00 a.m. was the 
next largest on the same day, with the max. 2a—0.10 and 
0.11 mm in the long. and the trans. directions. It was preceded 
5.4 sec. before, also by a small sensible shock of max. 2a of 
0.11 and 0.07 mm in the two components. In the small sensible 
earthquake at 4. 48. 16 a.m., the initial displacement was 0.009 mm 
directed toward S86°H, the max. 2a being about 0.05 mm_ in 
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each component. It seems probable that the origin of this distur- 
bance was situated some distance to the 8. of the crater. 

Earthquake of Sept. 21st, 1912, at 3.46.34 am.: Longitudinal 
Component. Total duration=42 sec. [Preliminary and_ principal 
portion: duration=4.2 sec.] After a very brief preliminary tre- 
mor, whose Ist displacement was directed toward the crater, the 
motion at once reached the max. 2a of 0.15 mm, being most 
active for the Ist 2.0 sec. For the next 2.2 sec., the motion was 
much smaller (max. 2a=0.041 mm), but still active. [End portion.] 
The motion was very small. 

The period of the small pulsatory oscillations, which prevailed 
at the time of the earthquake, was about 5.0 sec. 

104. Examples of shocks of larger magnitude observed at 
Wuno-taira. ‘Two earthquakes of larger type are mentioned 
here. 

Earthquake of July 24th, 1911, at 5.56.44 am. This was 
sensible at Yuno-taira and felt moderately at Wakasare, the village 
of Omai and the town of Naganohara, in the province of Kotsuke, 
and slightly at the towns of Ueda and Komoro, in the province of 
Shinano, while it was registered as an unfelt disturbance by 
the ordinary seismographs at the meteorological observatories of 
Nagano, Maebashi, Osaka, and Tokyo. 

Tremor-recorder Diagram. Total duration=about 1 min. The 
commencement was perfectly sharp, and the first motion was 
0.40 mm directed toward N 80.5°E, this probably pointing away 
from the origin of disturbance. For the 35.5 sec. following the 
above-mentioned initial displacement, the record consisted of rapid 
vibrations mixed with a series of the quickly decreasing pendulum 
movements, which were greatest at first and whose elements were 


as follows :— 
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Longitudinal Component: Max. 2a=1.00 mm, T=3.6 sec. ; 
Transverse As see Max a 200,709) ,,15 2a leeee 


In the succeeding portion, the motion consisted mainly of the 
gradually decreasing quick vibrations of T=1.0 sec., whose max. 
2a was 0.075 mm in each component. Before the earthquake 
was brought to the end, there began a number of the after-shocks, 
whose times of occurrence were 5.58.02 ; 5.58.52; 6.00.54; 6.01.41 ; 
6.02.05 a.m. 

At Nagano, the principal earthquake was registered as an 
unfelt disturbance of a total duration of 3™51°; preliminary tremor 
duration=5.7 sec.; max 2a=0.10 mm, T=3.2 see. 

Earthquake of July 24th, 1911; at 9.11.49 am. This was 
sensible at Yuno-taira and was felt as a moderate shock at the 
towns of Ueda, Matsushiro, and Komoro, in the province of 
Shinano, and at Wakasare and the village of Omae, in the pro- 
vince of Kotsuke, while it was recorded as an unfelt disturbance 
by the ordinary seismographs at the meteorological observatories 
of Nagano, Maebashi, Kofu, Kanazawa, Nagoya, Osaka, and Tokyo. 
The earthquake, whose area of sensible motion was roughly an 
ellipse of the EW major diameter some 50 km in length, originat- 
ed probably from a centre near to that of, but was appreciably 
larger in magnitude than, the preceding shock. 

Tremor-recorder Diagram. Total duration=about 2" 30%, In 
the longitudinal component, the earthquake indicated apparently no 
preliminary tremor, but began with a sudden large displacement 
of about 0.45 mm toward ENE, followed by the counter motion of 
1.24 mm, after which the pointer went out of the smoked paper. 
In the transverse component, the initial displacement was 0.048 
mm, directed toward SSE; giving the resultant initial displace- 


ment of about 0.78 mm toward N72°H, i.e, directed almost 
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exactly toward the crater. During. the next 13.4 sec., the motion 
was most active and consisted of the vibrations of T=1.9 sec., 
max. 2a=1.45mm, mixed with the much quicker movements. 
During the next 39.1 sec., there predominated the latter sort of 
motion, of T=0.78 sec., 2a=0.24 mm. So far may be taken as 
the principal portion. During the 1st 42.4 sec. of the end portion, 
the principal period was T=1.3 sec., (2a=0.07 mm). Thereafter 


the motion became very small: T=2.4 gsec., 2a=0.015 mm. 


At the meteorological observatory of Nagano, this earthquake 
was registered as an unfelt disturbance of the following elements: 
Duration of preliminary tremor=5.8 sec.; total duration =7™10' ; 
max. 2a=0.28 mm, T=3.4 sec. The duration of the preliminary 
tremor corresponds to the radial distance of 5.6 x 7.48 km=42 km, 
which is not sensibly different from the actual distance between 


Nagano and the Asama-yama crater. 


After-shocks. The foregoing disturbance was followed at Yuno- 
taira by two small sensible shocks, whose times of occurrence 
were respectively 9.15.39 and 9.16.19 a.m. In the Ist of these, 
the initial displacement was 0.017 mm directed toward S72°R, 
the preliminary tremor lasting 0.7 sec. In the 2nd shock, the 
initial displacement was 0.012 mm directed toward 871°, the 
preliminary tremor lasting 1.1 sec. It thus appears that these 
after-shocks originated from points different from the centre of the 
principal earthquake, probably from the SE neighbourhood of the 


crater. 
105. Examples of observation at Ashino-taira and Asama 


Pasture Ground. Earthquakes of Oct. 12th, 1913, at 8.25.52 am. 
This was evidently a local shock and was perceived as a. slight 
shaking at Ashino-taira, but not felt at Komoro and the Asama 
Pasture Ground. The origin of the disturbance seems to have 
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been situated about 4 km to the west of the crater, namely, some 
3 km to the N of Ashino-taira and about 9 km to the WSW of 
the Asama Pasture Ground. 

Tremor-recorder diagram at Ashino-taira. Total duration =92 
sec. [ENE-WSW Component.] The preliminary motion lasted only 
about 0.6 sec.: max. 2a=0.002 mm. Principal portion lasted 16.4 
sec. and the motion, which consisted entirely of quick vibrations of 
T=0.42 sec., max. 2a=0.058 mm, was most active during the 1st 
5.6 sec. A maximum group of 2a=0.02 mm, which occurred 
18.2 sec. after the commencement of the earthquake, was probab- 
ly due to a 2nd small shock. In the end portion, the vibrations 
of T=1.8 sec., max. 2a=0.0047 mm, were mixed with the quick 
movements of max. 2a=0.0041 mm. [SSE-NNW Component.] 
The preliminary portion consisted of a single small NNW’ward 
displacement of 0.0008mm and of 0.3 sec. in duration. The 
principal portion, (including the 2nd shock of max. 2a=0.0089 
mm), lasted 15.8 sec., and was most active during the Ist 5.4 sec., 
consisting entirely of the quick vibrations of T=0.38 sec., max. 
2a=0.073 mm. In the end portions, small regular vibrations of 
T=0.45 sec., max. 2a=0.0007 mm, were mixed with those of T= 
dae sec. 

Tremor-recorder diagram at Asama Pasture Ground. Total 
duration=25 sec. [ENE-WSW Component.] The preliminary tremor 
lasted 1.2 sec.: max. 2a=0.009 mm. During the next 20.5 sec., 
the motion was most active, and consisted of quick vibrations of 
T=0.32 sec., max. 2a=0.048 mm, mixed with slower ones of 
T=0.71 sec. During the next 21.8 sec., the quick movements 
gradually disappeared, the motion being composed chiefly of the 
vibrations of T=0.85 sec., whose 2a gradually decreased from 
0.025 mm to 0.010 mm. In the subsequent portion the vibrations 


The Eruptions and Earthquakes of the Asama-yama. IV. 165 


were small but regular: T=0.79 sec., max. 2a=0.003 mm. During 
the principal portion there were traces of slow oscillations of T=4.6 
sec. [SSE-NNW Component.] During the preliminary tremor, 
which lasted 1.2 sec., the motion was practically nil. For the 
next 22.0 sec., the motion was most active and consisted of quick 
vibrations of T=0.30 sec., max. 2a=0.044 mm, mixed with well 
defined movements of T=0.78 sec., and grouped into slow oscilla- 
tions of T=5.4 sec. During the next 23.7 sec., the vibrations were 
regular: T=0.92 sec, max. 2a=0.016 mm. The subsequent 
motion was very small. 

106. Tremors caused by the falling down of rock fragments. 
At half past 8 on the morning of Sept. 12th, 1911, a large 
quantity of rock fragments rolled down the inner slope of the Kurofu- 
yama at a place called Tomi-no Kuchi (‘mouth of winnowing 
machine” so named from the resemblance of its form), at an 
elevation of about 270 m above, and at a direct distance of about 
550 m to the WNW of, the Yuno-taira observatory. The motion, 
which lasted 60.0 sec. and reached the maximum extent of 2a= 
0.074 mm at 33.3 sec. from the commencement, consisted of quick 
vibrations of about 0.37 sec. in period grouped into a number of 
maxima, due probably to a succession of the disturbances at the 
origin. There was a sort of exceedingly small preliminary tremors 
for the 214 sec. preceding the main disturbance, but the termination 
of the latter was quite abrupt, indicating practically no after-effect. 

From examples like these it can be inferred that on the 
occasion of a strong explosion of the Asama-yama, a lava fragment 
of moderate dimensions projected with a considerable force from 
the crater and falling in the vicinity, say, within 200 metres, of 
the observatory, would leave records of no small magnitude on 


the smoked paper of the tromometers. 


166 F. Omori: 


CHAPTER XI. ORDINARY EARTHQUAKES OBSERVED AT 
YUNO-TAIRA, ASHINO-TAIRA, AND ASAMA 
PASTURE GROUND. 

to7. In the next three §§ I give examples of the observations 
at the Asama-yama stations of ordinary earthquakes which originated 
in the vicinity of the volcano and those which originated at dis- 
tances of over 100 km from it. 

108. HKarthquakes of near origin observed at Yuno-taira. 

Earthquake of Sept. 20th, 1912, at 11.40.04 p.m. The origin 
was in the neighbourhood of the town of Ueda. 

Longitudinal Component: total duration=2"40* The prelimi- 
nary tremor lasted 3.5 sec. and consisted of 14 vibrations of T 
=2.4 sec., 2a=0.0099 mm, the Ist and outward displacement be- 
ing 0.0034 mm. | [Principal portion: duration=47.8 sec.] During 
the Ist 5.2 sec., the motion was comparatively small and composed 
of two oscillations of T=2.6 sec., 2a=0.031 mm, mixed with small 
vibrations of T=0.38 sec. For the next 11.3 sec., the motion was 
active, consisting of quick vibrations of T=0.35 eee max. 2a 
=0.025 mm, mixed with the slower ones of T=0.87 sec. During 
the remaining 31.5 sec., the motion consisted chiefly of the 
vibrations of T=2.2 sec., mixed with those of T=—0.91 sec., the 
largest (absolute maximum) of which was 2a—0.065 mm and occurred 
at the commencement of this phase. During the principal portion 
there were distinct traces of slow oscillations of T=4.4 sec. [End 
portion.] During the 1st 23.1 sec., the vibrations of T=2.3 sec. 
were mixed with the quicker ones of T=0.93 sec., 2a=0.011 mm. 
Thereafter the motion became much smaller, being composed at 
first of the vibrations of T=2.9 sec., max. 2a=0.0054 mm, mixed 
with quicker ones of T=0.85 sec. Toward the end, the period 


became about 1.5 see. 
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Earthquake of Oct. 5th, 1911; aé 11.51.22 pm. The earth- 
quake was felt moderately at the village of Omae (in Kozuke), 
and the towns of Ueda and Suzaka (in Shinano), respectively 12 
km to the N, 24 km to the W, and 34 km to the N35°W, 
of the Asama-yama crater. It was sensible at Nagano, and 
recorded as an unfelt shaking by the ordinary seismographs 
at the meteorological observatories of Mito, Mount Tsukuba, 
and Matsumoto. According to the tremor-recorder diagram 
obtained at Yuno-taira, the first and the counter displace- 
ments were respectively 0.029 mm toward S87°K and 0.17 mm 
toward N75°W, giving the average direction of S81°E and 
N81°W. The earthquake origin was, judging from the area 
of disturbance, situated in the latter azimuth, near the town of 
Ueda. 

In the tromometer record (ENE and WSW component), the 
motion, whose two introductory displacements were 0.028 and 
0.150 mm toward ENE and WSW respectively, was most active 
for the first 13.4 sec., with the average T of 0.96 sec.; the 
absolute max. 2a of 0.18mm occurring 3.6 sec. after the com- 
mencement. During the next 13.1 sec., the motion was smaller 
but still active: max. 2a=—0.054 mm, T=0.93 sec. During the 
next 19.2 sec., the vibrations of T=1.9 sec. (2a=0.035 mm) 
were mixed with those of T=1.07 sec. So far may be taken as 
the preliminary tremor and the principal portion. During the 
first 40.5 sec. of the end portion, the vibrations of T=1.4 sec. 
(2a=0.013 mm) were mixed with those of slower ones. In the 
subsequent portion the motion was very small: 2a=0.003 mm, 
T=2.9 sec. As will be seen from the above account, the motion 
was large from the outset. The initial portion preceding the 


absolute maximum may, however, be taken as the preliminary 
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tremor, whose duration was then 3.6 sec., corresponding to the radial 
distance of about 27 km. The approximate position of the earth- 
quake origin thus determined is about 4 km to the NW of 
Ueda, at =36°26'N, 4=138°13'E. 

Observation in Tokyo. According to the 120-times EW- 
component tromometer diagram, the tims of occurrence was 11.52.00 
p-m., the duration of the preliminary tremor being 22.5 sec. During 
the Ist 17.9 sec. of the principal portion, the motion was-com- 
paratively small. During the next 50.4 sec., it was most active 
and consisted of 84 vibrations of T=5.9 sec., the 3rd displacement 
being the maximum, 2a=0.11 mm. Total duration=6 min. 

Observation at Nagano. Time of occurrence=11.51.55 D.tie: 
duration of preliminary tremor =:3.3 sec.; max. 2a—0.47 mm ; total 
duration =4™. 

Earthquake of Oct. 6th, 1911; at 8.50.85 am. This earth- 
quake, which was a little larger than the preceding, was felt mo- 
derately at Omae, Ueda, and Shiozaki (Sarashina county, Shinano), 
which last is 41 km to the N 68°W from the Asama-yama crater. 
It was sensible at Nagano, and recorded as an unfelt shock by 
ordinary seismographs at the meteorological observatories of Tokyo, 
Kumagai, Matsumoto, Kofu, Nagoya, and Osaka. According to 
the tremor-recorder diagram obtained at the Yuno-taira observatory, 
the earthquake began quite sharply with a displacement of 0.04 
mm directed toward N89°H, the counter motion being 0.24 mm 
directed toward N67°W. These give the average direction of 
S78°E and N78°W, the earthquake origin being probably situated 
in the latter azimuth, and quite near to that of the shock on 
the 5th. 

In the tromometer diagram (ENE-WSW component), the mo- 
tion, whose two introductory displacements were 0.044 and 0.21 
mm toward ENE and WSW respectively, was most active for the 
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first 14.5 sec., with the average T’ of 1.1 sec.; the absolutely max. 
2a of 0.82 mm occurring 5.4 sec. after the commencement. There 
were also vibrations of T=2.7 sec. During the next 13.9 sec., 
the motion consisted of well defined quick vibrations of T=1.0 
sec. (2a=0.10 mm). During the next 19.7 sec., the motion was 
smaller and consisted of the vibrations of T=1.0 sec. (2a=0.061 
mm), mixed with those of T=2.5 sec. Thereafter the motion 
rapidly decreased. 


Observation in Tokyo. According to the 120-times EW- 
component tromometer record, the time of commencement was 
8.50.46 a.m., the duration of the preliminary tremor being about 
21.1 sec. During the Ist 20.0 sec. of the principal portion, the 
motion was comparatively small. For the next 54.0 sec., it was 
most active, and consisted of 8} vibrations of T=6.4 sec., the 3rd dis- 
placement being the maximum, 2a=0.2 mm. ‘Total duration=6 min. 

Observation at Nagano. Time of occurrence=8.50.24 a.m. ; 
duration of preliminary tremor=4.6 sec.; max. 2a=0.72 mm; 


total duration = 5™12°, 


Earthquake of Aug. 13th, 1913, at 4. 27. 20 am. The earth- 
quake originated from the vicinity of the city of Matsumoto. Longit. 
Compt.: total duration=2" 16°. The preliminary tremor, which 
was clearly indicated, lasted 6.5 sec., and consisted of small vibra- 
tions of T=0.27 sec., mixed with those of T=0.55 sec, 2a= 
0.0019 mm. [Principal portion: duration=10.4 sec.] During the 
1st 0.6 sec., the motion was small: max. 2a=0.0046mm. For 
the next 2.5 sec., the vibrations were quick and most active: 
max. 2a=0.028 mm. During the remaining 7.3 sec., the vibrations 
gradually decreased to 2a=0.0073 mm. [End portion.] The motion 
was composed of vibrations of T=0.84 sec., max. 2a=0.0033 mm, 
mixed with the quicker ones of T=0.33 sec. 
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109... Examples of distant eqkes observed at Yuno-taira. 

Earthquake of July 9th, 1912, at 5.31 p.m. The earthquake 
originated off the coast of Kii. Longitudinal Compt. ; total dura- 
tion=8™" 8°. The preliminary tremor lasted 46.3 sec. and consisted 
of vibrations of T=1.5 sec., max. 2a=0.013 mm, mixed with others 
of longer and shorter periods. [Principal portion : duration=3" 7°. ] 
During the Ist 59.4 sec., the vibrations of T=5.5 sec., max. 2a= 
0.036 mm, were mixed with those of T=2 sec. and others, the 
period of the slow superposed oscillations being about 26.4 sec. 
During the remaining 2™ 08°, the motion was composed of vibra- 
tions of T=8.3 sec., max. 2a=0.051 mm mixed with smaller ones. 
[End portion.] The vibrations of T=6.8 sec., max. 2a= 0.013 mm, 
were mixed with the small ones of T=2.1 see. 

Earthquake of Sept. 30th, 1912, at 9.84 p.m. The earth- 
quake originated off the E. coast of Kazusa. Longit. Compt. ; total 
duration=15". During the Ist 13.1 sec., the motion was very 
small. During the next 13.5 sec., the vibrations were larger: T 
=1.04 sec., max. 2a=0.012 mm. [Principal portion: duration=1™ 
41°.] During the Ist 30.8 sec., the slow vibrations of T=3.4 sec., 
max. 2a=0.029 mm, were mixed with some smaller ones. During 
the next 32.0 sec., the motion was largest and composed chiefly 
of the vibrations of T=1.8 sec., of which the max. 2a of 0.043 
mm. occurred at the commencement and at the end. During the 
remaining 38.0 sec., the vibrations of T=2.0 sec., max. 2a=0.016 
mm, with mixture of quicker ones, were grouped into slow oscilla- 
tions of T=6.6 sec. [End portion.] Vibrations of T=2.2 sec. were 
grouped into those of T=4.4 sec., max. 2a=0.014 mm. 

110. Distant eqkes observed at Asama Pasture Ground. 

Earthquake of Oct. i6th, 1913. This earthquake, which was 
slightly felt in Tokyo at 9" 17" 29° am., originated near the 
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south-eastern coast of the province of Kazusa, at a radial distance 
of about 210km to the S50°E of the Asama-yama, so that the 
two horizontal components at the Asama Pasture Ground, oriented 
respectively in the directions at right angles and parallel to the 
line pointing to the crater, were approximately the longitudinal 
and transverse components with respect to the origin of the 
earthquake in question. Total earthquake duration=2" 40°. 
[Longitudinal or SSE-NNW Component.] During the Ist 6.9 sec., 
the motion was composed principally of quick vibrations of T= 
0.29 sec., max. 2a=0.0175 mm. For the next 4.5 sec., the move- 
ments were slower. For the next 5.6 sec., the motion was most 
active, consisting of well defined quick vibrations of T=0.24 sec., 
max. 2a—0.0302 mm, mixed more or less distinctly with those of 
T—0.63 sec. For the next 11.1 sec., the motion was composed 
principally of vibrations of T=0.69 sec., max. 2a=0.029 mm, at 
first mixed with quick ones of T=0.27 sec., max. 2a=0.0207 mm. 
For the next 13.2 sec., the movements were much smaller: T= 
0.68 sec., max. 2a—0.0156 mm. The subsequent motion was very 
slight. [Transverse or ENE-WSW Component.] During the Ist 6.8 
sec., the vibrations were, as in the other component, nearly uni- 
form: T=0.29 sec., max. 2a=0.01836 mm. For the next 8.0 
sec., the motion was gentle and composed of slower movements 
of max. 2a—0.0086 mm. The next 10.3 sec. forms the most active 
portion of the earthquake and consisted of the quick vibrations 
of T=0.24 sec., max. 2a=0.038 mm, mixed with those of T= 
0.64 sec. During the next 20.4 sec., the motion was composed 
principally of the slow vibrations ; the large ones (max. 2a= 0.030 
mm), which occurred at the commencement having the period of 
0.72 sec. The subsequent motion was smaller. 

Earthquake of Nov. 14th, 1913, at 11" 4" am. This earth- 
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quake was felt slightly at Kofu, and registered as an unfelt shak- 
ing at the meteorological observatories of Fukushima, Utsunomiya, 
Mito, Kumagai, Yokohama, Numazu, Matsumoto, and Tokyo; the 
time of occurrence at the Seismological Institute, where the pre- 
liminary tremor lasted about 13 sec., being 11" 4" 19° a.m. The 
origin of disturbance was in the north-western part of the province 
of Musashi, ie. at a distance of about 50km_ to the SE of the 
Asama-yama. The two horizontal pendulums of the tremor-record- 
er at the Asama Pasture Ground oriented for the longitudinal and 
the transverse directions with respect to the movements emanating 
from the volcanic centre, registered in the present case re- 
spectively the approximate transverse and the longitudinal compo- 
nents of the earthquake motion. The earthquake had _ been 
preceded by a small fore-shock 1° 37° before. Total duration= 
127 see. [Longitudinal or SSE-NNW Component.] The vibrations 
were small for the Ist 4.0 sec.: T=1.0 sec., 2a=0.0037 mm. For 
the next 31.2 sec., the motion was composed of the vibrations of T= 
0.73 sec., max. 2a=0.026 mm, mixed with some quick movements 
of T=0.26 sec., and grouped more or less definitely into slow 
oscillations of about 5.3 sec. period. During the remaining 25.2 
sec. of the principal portion, the vibrations were free from the 
superposition of the quick movements and a little smaller than 
before: T=0.83 sec., max. 2a=0.026 mm. The subsequent motion 
was much smaller. [Transverse or ENE-WSW: Component.] The 
motion, which was distinctly indicated first from 5.4 sec. after 
the commencement of the earthquake, consisted, for the next 30.8 
sec., of the vibrations principally of T=0.71 sec., max. 2a=0.031 
mm, with the mixture of some quick movements. During the 
remaining 28.9 sec. of the principal portion, the vibrations, which 
became a little smaller, were free from the superposition of the latter, 
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being, as before, grouped into slow oscillations of _T=6.3 sec. 
[Comparison of Longitudinal and Transverse Components.] The 
first distinct movement was indicated 5.4 sec. earlier in the longi- 
tudinal than in the transverse component. There was, however, 
no special difference between the two with respect to the individu- 
al vibrations composing the earthquake motion. 

lll. Remarks on ordinary earthquakes and non-eruptive 
woleanic earthquakes observed at Yuno-taira and Asama Pasture 
Ground. The mean values of the different group periods (Tables 
XXVI and XXVII) found in the different ordinary earthquakes. 
observed at Yuno-taira and at the Asama Pasture Ground (§§ 
108 to 110) are as follows :— 


Yuno-taira. Asama Pasture Ground 
oe DOA SOG tales os PRE A — sec. 
J ae COR en ae oes 5.4 
(0) rar DADE gi 5) gpa rmr irs. pepe bar ke aan a 
(0 0. CO man merece srencre estes Grete 0.76 
KA) oo A re () SO mee esr eee @ 0.28 


The periods of the most frequently occurring vibrations are 
(iii) and (iv), namely, 2.2 sec. and 0.95 sec. at Yuno-taira, and 
(iv) and (v), namely, 0.76 sec. and 0.28 sec. at the Asama Pasture 
Ground. The period (ii), namely, 6.0 or 5.4 sec., is probably of 
the nature of the pulsatory oscillations. Had the earthquakes been 
sufficiently large, there would have been also periods much longer 
than (i), or 26.4 sec. 

As referred to in § 99, the periods of vibration, (ii) to (v), m 
the ordinary earthquakes are also found in the shakings caused 
by the Asama-yama eruptions. 

From the analysis of a few seismograms given in Chapter X, it 
seems likely that the motion of the non-eruptive volcanic earth- 
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quakes also contains a number of periods similar to those 
found in the ordinary shocks. The duration of the earthquake 
motion due to the individual eruptions, whether strong or weak, 
was always short, being at the different Asama-yama stations less 
than 260 sec. In the case of the non-eruptive voleanic shocks 
of sharp character, as described in § 103, the total duration was 
much shorter; the duration of the principal portion being, in 
particular, momentary, so to speak, and varying from 2.0 to 
6.5 sec. The disturbances of this nature, whose record on a 
small time-scale smoked-paper consists apparently of a single jerk 
or dot, are each made up of course of a number of very quickly 
decreasing vibrations. 

TABLE XXVI. PERIODS* OF VIBRATION IN ORDINARY EARTHQUAKES 


OBSERVED AT THE ASAMA PASTURE GROUND. 


(Mean values are printed in thick figures.) 


6.3 1.00 (0.0037) 0.32 (0.048) 

5.4 0.92 (0.016) 0.30 (0.044) 

5.3 0.85 (0.025) 0.29 (0.018) 

4.6 0.83 (0.026) 0.29 (0.014) 

5A 0.79 (0.003) 0.27 (0.021) 
0.78 0.26 


0.73 (0.026) 
0.72 (0.030) 
0.71 (0.031) 
0.71 
0.69 (0.029) 
0.68 (0.016) 
0.64 
0.63 
0.76 


* Collected from the two components. 


0.24 (0.030) 


0.24 (0.038) 


0.28 
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TABLE XXVII. PERIODS* OF VIBRATION IN ORDINARY EARTHQUAKES 
OBSERVED AT YUNO-TAIRA. | 


(Mean values are printed in thick figures.) 


Preliminary 


Tr ‘ Principal Portion. End Portion. 
remor. 
2.4 (0.01) 26.4 1.10 (0.32) 6.8 (0.013) 
1.5 (0.013) 1.07 44 
8.3 (0.051) 1.00 (0.10) 5.6 
ie aca! 6.6 1.00 (0.061) 
Ba eed 2.9 (0.003) 
0.55 (0.002) elles, eS) 2.9 (0.0054) 
oe 4A 0.93 (0.054) ah 
6.2 0.91 (0.065 
ee 2.2 
| pest 2.1 
3.4 (0.029) 0.98 a 
2.7 
1.4 (0.013) 
2.6 (0.031) 0.38 Tea 
25 | 0.35 (0.025) 
2.2 0.37 0.93 (0.011) 
2.0 (0.016) 0.85 
2.0 0.84. (0.0033) 
1.9 0.87 
1.8 (0.043) ae 
2.3 


i 
* Relating to the ENE-WSW component. 
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CHAPTER XII. TROMOMETER OBSERVATIONS IN TOKYO 
OF ASAMA-YAMA ERUPTIONS. 

112. The earth shakings caused by the strong Asama-yama 
eruptions, whether detonative or non-detonative, are clearly register- 
ed by the tromometers at the Seismological Institute in Tokyo, 
provided the pulsatory oscillations are not too large to confuse 
the earthquake motion. In the next two §§ I give the analysis 
of the EW component records from the 120-times tromometer, 
(magnified photographically to the resultant enlargement of about 


1,000 times), of the following eight Asama-yama eruptions :— 


(i) Explosion of May 31st, 1909; 11.25 p.m. 


(ii) - Mavic, LILL: 3.370, 
(iii) * June 26th, 1913; 11.41 ,, 
(iv) Julvetoune ;;. 34 Ole 
(v) eee Ota. es 0.0L. 
(vi) a Hugelath, ,,. ; 11220™,, 
(vii) Non-detonative eruption of Nov. 6th, 1913; 1.21 p.m. 
(viii) . a ps 9). 2ObRS 9,30 ape eae 


The eruptions, (i) to (vi), were strong detonative explosions, while 
the two others, (vii) and (viii), were non-detonative outbursts. 

113. Strong Asama-yama eruptions observed in Tokyo: EW 
component tromometer records. Explosions, (i) to (vi). 

(i). Explosion of May 31st, 1909, at 11.25 p.m. Total dura- 
tion=3m 45s. The motion, which was somewhat confused by 
the small pulsatory oscillations, was small for about 23.5 sec. 
The maximum phase lasted 55 sec. and began with two vibrations 
(2a=0.004 mm) of periods 5.6 and 4.2 sec. respectively. The next 
5 vibrations (max. 2a=0.005mm) with the T of 2.9 sec. lasted 
together 14.6 sec. The next 4 vibrations were smaller and lasted 
8.5sec.: T=2.1 sec. Then followed 2 slow vibrations of T=4.2 
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sec. During the next 14.1 sec., the vibrations were again a little 
quicker: T=3.1sec. The pulsatory oscillations existing about the 
time of the earthquake motion had the T of 4.4 sec., with the 
max. 2a of 0.002 mm. 

(ii) Explosion of May 8th, 1911, at 3.27 p.m. Total dura- 
tion=7m 27s. For the Ist 24.3 sec.,* the motion was small, 
there being traces of slow vibrations of T=5.3 sec. [Maximum 
phase: duration=84 sec.] For the 1st 13.1 sec., there were . three 
well defined vibrations of T=4.4 sec., the 2nd of which had the 
max. 2a of 0.0164mm and occurred 31.2 sec. after the commence- 
ment of the earthquake. For the next 20.0 sec., the motion was 
small, the vibrations of T=1.9 sec. being mixed with slower ones. 
Then, 51.2 sec. from the commencement, took place two large 
slow vibrations of T=5.6sec., 2a=0.0101 mm, lasting together 
11.1 sec. During the next 12.0 sec. there were 4 vibrations, which 
were again a little quicker: T=3.0 sec., 2a=0.0097 mm. For the 
next 28.2 sec., the period was T=3.1sec., the max. 2a being 
0.0076mm. Thereafter, the motion was much smaller. The 
pulsatory oscillations immediately before the earthquake indicated 
an average period of 3.1 sec. (max. 2a=0.0021 mm). 

(iii) Huplosion of June 26th, 1918, at 11.41 p.m. Total 
duration=5m 58s apprx. For the Ist 20.5 sec.,* the motion 
consisted of three slow vibrations of T=6.8 sec. and of gradually 
increasing amplitude. [Maximum phase: duration=50 sec.] The 
1st 1$ vibrations had the T of 3.7 sec., whose 1st displacement 
was directed eastwards, and whose 2nd had the max. 2a of 0.0193 
mm. For the next 23.7 sec., the motion was smaller, being com- 
posed of about 9 vibrations of T=2.6 sec., max. 2a=0.0093 mm. 
For the next 20.5 sec., the motion became again larger, being 


*The commencement is obscure, on account of the presence of pulsatory oscillations. 
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composed of 4 vibrations of T=3.8 sec., max. 2a=0.0147 mm, 
and 2 smaller ones of T=2.7 sec. The subsequent motion was 
principally composed of vibrations of T=3.7 sec. The pulsatory 
oscillations preceding and following the earthquake motion in ques- 
tion also indicated, amongst the others, the periods of 3.7 and 
2.7 sec., the max. 2a being 0.0039mm. The average period of 
the micro-tremors was about 0.6 sec. 

(iv) Explosion of July 13th, 1913, at 4.01 p.m. Total duration= 
6” 25° apprx. For the 1st 12.1 sec., the motion was small: T= 
2.3 sec. For the next 17.5 sec., there were 3 slow vibrations of 
T'=6.7 sec. and of increasing amplitude. [Maximum phase: dura- 
tion=45 sec.] For the Ist 5.6sec., there took place 1$ large 
vibrations of T=3.7 sec., and 2a=0.0156 mm. For the next 20.1 
sec., the motion consisted of 9 small and nearly equal vibrations 
of T=2.2 sec. (max. 2a==0.0084 mm), grouped into those of double 
length. For the next 19.0 sec., the motion became again large and 
comprised 6 vibrations of T=38.2 sec., max. 2a=0.0124mm. In 
the subsequent portion, the vibrations were smaller and had the 
T’ of 3.3 sec., grouped into those of period of double length. 

(v) Hxplosion of July 19th, 1913, at 0.54 p.m. Total duration 
=7" 35° apprx. For the 1st 31.1 sec., the vibrations were small. 
[Maximum phase: duration=51 sec.] First there took place 14 
vibrations of T=4.6 sec., 2a=0.026mm. For the next 22.3 sec., - 
there were 9 quicker and smaller vibrations of T=2.5 sec., 2a= 
0.0143mm. For the next 21.9sec., the motion became again 
active, there being 4 large vibrations (2a=0.0141 mm) of T=3.8 
sec., and 2 small ones (2a=0.0099 mm) of T=3.3 sec. Thereafter 
the vibrations were small: 2a = 0.008 mm, T = 3.3 sec., T=26 
sec. The period of the pulsatory oscillations, which occurred immo- 
diately before the earthquake, were 3.3 and 2.6 sec., (InAx seve 
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0.0057 mm). The period of the micro-tremors was 0.61 sec. 

(vi) Explosion of Aug. 12th, 1918, aé 11.20 p.m. Total dura- 
tion=7™ apprx. During the Ist 31.9 sec., there were traces of 
the vibrations of T=6.2 sec., 4.4sec., and 38.3 sec. [Maximum 
phase: duration=50 sec.] The motion began with 3 displacements, 
which lasted 7.6 sec., and the 1st two of which formed the max. 
vibrations of T=5.2 sec., 2a=0.0275 mm. For the next 23.1 sec., 
the motion was small, (max. 2a=0.0114 mm), comprising 10 vib- 
rations of different periods. Then there took place two large 
vibrations of T=3.8 sec., 2a=0.0242 mm, lasting together 7.5 sec. 
During the next 11.9 sec., there were 4 vibrations of T=3.0 sec., 
2a=0.0145 mm. In the subsequent portion, the motion was 
smaller: T=3.3 sec., max. 2a=0.0104mm. The well-defined pul- 
satory oscillations, which occurred before and after the earthquake 
motion, indicated an average period of 4.1 sec., with the max. 
2a of 0.0088 mm. 

114. Non-detonative eruptions registered in Tokyo. 

(vii) Eruption of Nov. 6th, 1918, at 1.21 p.m. Tromometer 
Diagram; EW Component. Total duration=6" 14°. The time 
interval between the commencement of the preliminary tremor and 
the beginning of the maximum phase was 31.3 sec. [Principal 
portion: duration=66.0 sec.] The motion was unusually large, 
and during the 1st 9.7 sec., there were 14 vibrations of a=. 60 
sec., 2a—0.024 mm. During the next 11.0 sec., there were 2 near- 
ly equal vibrations of slightly shorter period: T=5.5 sec., 2a= 
0.027 mm. Then followed 6 quicker vibrations of decreasing 
magnitude and of T=2.9 sec., which together lasted 17.4 sec., and 
the 1st of which had the max. (absolute) 2a of 0.031 mm. ‘Then, 
for the next 15.2 sec., there were again 2 slow vibrations of T= 


7.6 sec., 2a=0.019 mm, with some superposition of small move- 
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ments. During the remaining 13.6 sec. of the principal portion, 
there were 44 quick vibrations of T=3.0 sec., 2a=0.025 mm. 
[End portion.] During the 1st 56.7 sec., the motion was nearly 
constant in amplitude and was composed of slow vibrations of T 
=5.7 sec., 2a=0.014 mm, with the superposition of some quicker 
movements. Thereafter the motion was much smaller, the principal 
period being about 3.6 sec. The period of the principal pulsatory 
oscillations, which existed before and after the earthquake motion 
was about 5.0 sec. 

(vill.) Eruption of Nov. 20th, 1913, at 3. 40 p.m. Tromometer 
Diagrams: EW, NS, and Vertical Components. Total duration =7™ 
apprx. The motion due to this eruption was unusually large, but 
the preliminary and end portions were confused by the presence 
of pulsatory oscillations. 

EW Component. The maximum phase, which lasted 74.2 
sec., began with three vibrations of T=5.3 sec., followed by three 
others of T=3.7 sec. Then took place six vibrations of T—2.7 sec., 
the 1st three of which were large (max. 2a=0.022 mm). The two 
next vibrations were slow (T=7.0 sec.) and mixed with smaller 
ones. Then followed again five quicker movements of T=3.1 sec., 
max. 2a=0.025 mm. The principal pulsatory oscillations (max. 2a= 
0.009 mm) had the T of 6.7 sec., and were mixed with small 
vibrations of T=2.7 sec. There were cases where the pulsatory 
oscillations consisted of regular movements of T=3.6 sec. 

NS Component. The most active portion, 37.3 sec. in dura- 
tion, was composed of the vibrations of T=3.0 sec., max. 2a= 
0.021 mm. 

Vertical Component. The motion was distinctly indicated for 
70 sece., and consisted of the vibrations of T—3.0 sec., max. 2a= 
0.02 mm. 
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115. Remarks on Tokyo registrations of Asama-yama erup=- 


tions. The diagrams of the different Asama-yama eruptions obtain- 
ed in Tokyo are mutually similar, almost vibration for vibration. 
The ordinary preliminary tremor and the earlier portion of the 
principal portion are generally not well pronounced in the cases 
under consideration, while the maximum motion phase is always 
distinctly indicated. Thus, the duration of the preliminary portion, 
Le., the preliminary tremor and the earlier stage of the principal 
portion preceding the maximum phase, varied, in the four well- 
defined cases, between 29.6 and 31.9 sec., giving the average 
value of 31.0 sec. The maximum phase lasted from 45 to 84.4 
sec., with the average interval of 59.4 sec.; while the average 


total duration of the earthquake motion was about 7”. 


TABLE XXVIII. TOKYO OBSERVATIONS: DURATIONS OF THE 
DIFFERENT PHASES OF MOTION. 


Preliminary Portion. Maximum Phase. Total Earthquake. 


29.6 sec. 45 see. 6 min. 00* sec. 
ef a 50 6 14 
ols 50 6 25* 
31.9 51 7 00* 

55 7 00* 

66 7 27 

74.2 7 3" 

84.4 
31.0 59.5 


* Only approximate. Mean values are printed in thick figures. 
It will be noticed that the total duration and the duration 
of the maximum phase in Tokyo of the Asama-yama eruptions, 


being in the mean respectively about 7 min. and 1 min., are much 
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longer than the total duration and the duration of the specially 
strong part of the disturbances observed on the mountain itself 
(Yuno-taira), where the mean values of the duration in question 
were 118 and 15 see. 

The mean periods of vibrations (Table XXIX) in the different 
phases of the earthquake motion, compared with those of the 
pulsatory oscillations existing immediately before or after the latter, 


were as follows :— 


Phase of Motion. Period. 
Preliminary portion .. 6.0 sec. 2.8 sec. 
Earthquake} y,__. ae 
(Eruption) Maximum phase .... 5.5 3.0 
ind) portion. 7....-. — 3.3 
Pulsatory Oscillation ©... :..56...% 5.1 Out 
DOTS, OMe DT COTS ORO Ee FO 5.5 3.1 


Thus the two groups of periods, whose mean values are re- 
spectively 5.5 and 3.1 see., were found in the earthquake vibra- 
tions caused by the Asama-yama eruptions as well as in the 
pulsatory oscillations. In other words, the seismic movements in 
question are nothing else than the magnifications of the natural 
vibrations of the ground, just as the “tsunami”, or destructive 
sea-waves, consist in the amplification of the water oscillations ex- 


isting more or less at all times. 
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TABLE XXIX. TOKYO OBSERVATIONS: PERIODS OF VIBRATION OF THE 
EARTHQUAKES DUE TO THE ASAMA-YAMA ERUPTIONS COMPARED 
WITH THOSE OF THE PULSATORY OSCILLATIONS.* 


Asama-yama Earthquakes. 


Pulsatory Oscilla- 
Tiree Principal Portion. End Portion. tions. 
remor. 
6.8 7.6 (0.019) 3.8 (0.0147) | 5.7 (0.014) | 6.7 
6.7 7.0 3.8 (0.0141) 5.0 
6.5 (0.024) | 6.5 (0.024) 8.8 (0.0242) 4.4 (0.0025) 
6.2 5.6 (0.010) 3.7 (0.0198) | 3.7 4.1 (0.0088) 
5.3 5.6 (0.004) 3.7 3.3 5.1 
44 | 5.5 (0.027) 3.7 (0.0156) | 3.3 (0.008) =f 
6.0 5.3 3.3 (0.0100) | 3.3 (0.010)| %% (0.0039) 
5.2 (0.0275) 3.2 (0.0124) | 2.6 (0.008)| 6 
= 4.6 (0.026) 3.1 3.2 8.3 (0.0057) 
as 4.4 (0.0164) 3.1 (0.0250) 3.1 (0.0021) 
Bs 4.2 3.1 (0.0076) 2.7 (0.0089) 
4.2 3.0 (0.0145) 2.7 
5.5 0 (0.010) 2.6 (0.0057) 
3.0 (0.025) 3.1 
2.9 (0.031) 
2.9 (0.005) 
2.7 
2.7 (0.022) 
2.6 (0.0093) 
2.5 (0.0143) 
2.2, (0.0084) 
2.1 
1.9 
3.0 


a el ca a ee 
* Mean values are printed in thick figures. 
within brackets. 


2a corresponding to a given period is enclosed 
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The values of the max. 2a in the EW component of the 


different eruptions are’ given below: 


a a 


2nd Displacement of the 
, Eruption. Max. 2a. (in Tokyo) Initial Vibration. 
(Yuno-taira.) 


mm 


( i ) May 31st, 1909. 0.005 ™™ Be 


(ii) May 8th, 1911, 0.0164 — 

(iii) June 26th, 1913. 0.0193 0.093 
(11 p.m.) 

(iv) July 13th, “ 0.0156 0.123 

(v) so LOL + 0.026 0.127 

(vi) Aug. 12th, Bs 0.0275 0.217 
(11 p.m.) 

(vii) Nov. 6th, , 0.031 — 

(viii) ,, 20th, _. 0.025 0.019 


(Asama Pasture Ground.) 


From the above list it will be observed that the strong eruption 
of Aug. 12th, 19138, whose “ initial vibration’ was large, indicated 
also a comparatively large motion in Tokyo; while the non-detona- 
tive eruptions on Nov. 6th and 20th, 19138, with or without the 
‘initial vibration,” caused a large amount of motion in the latter. 
Again, the explosion of May 8th, 1911, whose sound area was 
quite extensive, was propagated, in a very insignificant seismie 
manner. It is likely that the greatest earthquake motion is pro- 
duced by the long-continued eruptions, which, with little accom- 
panyment of the surface phenomena of a loud detonation, gives 
out a considerable amount of the smokes and ashes. 

116. Time of occurrence in Tokyo. In the following table I 
give a comparison of the time (t,) of commencement, at the 
Yuno-taira observatory on the Asama-yama, of the earthquake 


motion caused by the different strong eruptions and the time (t,,) 
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of appearance at the Seismological Institute, in Tokyo, of the 
maximum phase of motion due to the same cause of disturbance, 
with the value of the time difference ¢t,—t,,—t; the time 


determinations in question having been made with a_ great 


accuracy. 
: Yuno-taira, on Maximum Phase 

Eruption. th eee bn a Tokyo. 8 tj=ta—ty. 

h m s h m s m 8 

June 26th. 11 41 59 p.m. 11 43 13 p.m. els 

July 13th. 4 01 19 p.m. 4 02 36 p.m. AAW 

teeth: 2 08 25 a.m. 2 09 36 a.m. Por it 

a keh; 0 54 03 p.m. 0 55 16 p.m. UP al 

Aug. 12th. 11 20 33 p.m. 11 21 46 p.m. ab al 

Mean. —— ss Ta 13.6 


According to the above table, the difference between the 
time of the earthquake commencement at Yuno-taira and that of 
the maximum phase in Tokyo varied in the five cases between 
i ies ondeie ly civine the mean value of ¢t,—1” 13.°6. 

As the duration in Tokyo of the preliminary tremor and the 
earlier part of the principal portion preceding the maximum phase 
is 31.0 sec., it follows that the interval between the time of the 
first occurrence of the earthquake motion at Yuno-taira and that 
at Tokyo Seismological Institute is ¢t, =1" 18.°6—31°0=42.°6. 

117. “Sound shock” observed in Tokyo. In those cases, in 
which the detonations of the Asama-yama explosions were perceived 
in Tokyo, the arrival of the sound waves was marked on the 
tromometer diagrams by the appearance of the “ sound shock,” or 
a disturbance consisting of a series of extremely minute quick 
tremors a definite time interval after the earthquake occurrence. 


I describe in this § the EW component tromometer records of the 
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‘“sound shocks” photographically enlarged to the resultant mag- 
nification of 1,000 to 3,000 times, obtained on the occasions of 
the following three explosions: (1), Dec. 7th, 1909; (ii), May 8th, 
1911; and (ii), Aug. 12th, 1913. There were several other cases 
in which the sound shock was confused by the existence of con- 
spicuous pulsatory oscillations. The illustrative diagrams are given 
in Figs. 68 and 69. . | 

The position of the Seismological Institute is as follows: 

g=35° 42!’ 40” N; A=139° 45' 487 B.© 
Radial Distance from the Asama-yama=135.40 km. 

(1) Explosion of Dec. 7th, 1909. (Fig. 67.) Total duration 
of the “sound shock” =45 sec. For the Ist 6.6 sec., the motion 
was small: T=0.44 sec., max. 2a=0.0015 mm. Then began the 
principal portion, and for the next 20.0 sec., the vibrations were 
active and had the period of 0.40 sec., the greatest 2a of 0.0105 
mm having occurred 16.6 sec, from the commencement of the 
“sound shock”. The subsequent motion was very small, the 
period being 0.40 sec. The arrival of the detonation or audible 
sound shock probably coincided with the commencement of the 
principal portion. 

(ii) Explosion of May 8th, 1911: Tromometer EW Com- 
ponent Diagram. (See Fig. 69.) Total duration of the “ sound 
shock’ =44 sec. The preliminary portion, whose commencement 
was not well marked on account of the presence of pulsatory 
oscillations and micro-tremors, lasted about 12.5 sec., consisting of 
quick small movements of T=0.42 sec. Then at 8.34.38 p.m. 
the motion became suddenly large, denoting probably the moment 
of arrival of the detonation. The vibrations remained active for 


(1) Measured from the War Department Map of 1: 10,000 scale. 
(2) The position of the Asama-yama crater taken from the 1: 200,000 scale map of the 
Imperial Geological Survey being g=36° 24’ 30’ N, A=138° 32’ Rh, 
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the next 11.2 sec., with the average T of 0.40 sec.; the max. 2a 
of 0.0076 mm occurring at the commencement of this phase. 
The subsequent vibrations were much smaller, the period being 
0.42 sec. The pulsatory oscillations at the time of the disturbance 
had the period of 3.3 sec., with the max. 2a of 0.0038 mm. 

As noted in the Bulletin, Vol. VI, p. 87, the detonation, which 
was perceived by the present author at the Seismological Institute, 
was made up of loud rushing sounds, commencing at 3°34"37* p.m. 
and lasting about 10 sec., during which interval the windows were 
shaken considerably as by strong winds or by an earthquake of 
moderate intensity. 

(iii) Explosion of Aug. 12th, 1913, at 11. 20 p.m. The “ sound 
shock’, whose total duration was only about 23 sec., was very 
slight, its first indication being at fee lie 0G. Te pine V3 sec. 
later on, namely, at 11° 27" 07° p.m., the motion became larger 
(max. 2a=0.0036 mm), corresponding to the arrival of the audible 
sound waves. The duration of the principal portion was about 
2.5 sec. At the Seismological Institute, the time of commencement 
of the maximum phase in the EW component diagrams was at 
t,,= 11" 21” 45.°5 p.m. ; that of the earthquake commencement being, 
therefore, ti=11" 21"14.55 p.m. The time difference between the 
arrivals of the earthquake motion and the sound wave in Tokyo 
(Seismological Institute) is thus =t,—h=5" 31". 

The present author, who was at the time writing by a 
desk with a pocket chronometer before him, in his house (Seki- 
guchi-daimachi, Koishikawa District), heard the sound of the 
eruption in question, which was like that caused by the fall of a 
heavy weight on the ground and was less than I see. in duration, 
the doors and shoji being slightly shaken. The time of the 


arrival of the sound was 11° 26"58* p.m., the place of observation 
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(9=385° 42’ 40.5 N; 1=139° 43' 32.8 E) being at the radial dis- 
tance of 132.08" from the Asama-yama. Thus the differences of 
the radial distances of, and of the times of arrival of the detona- 
tion at, the Seismological Institute and my house were respectively 
135.40 —132.08=3.32.km, and 11° 27" 07°—11" 26" 58°=9 sec., 
being mutually at a fair agreement. 

In the three cases considered above, the values of the total 
duration were respectively 23 sec., 44 sec., and 45 sec.; while 
those of the principal portion were respectively 2.5 sec., 11.2 sec., 
and 20 sec. The principal vibration period varied between 0.40 
and 0.44 sec., with the mean of 0.41 sec., the greatest value of 
the EW component max. 2a being 0.0105 mm. 

The ‘sound shock”, which appears on the tromometer dia- 
grams in Tokyo only when the detonation is heard in the latter, 
seems to consist, not in the elastic shakings of the writing pointer 
of the tromometer under the influence of the air disturbances, but 
in the real movements of the ground due probably to the impact, 
or the change in the barometric pressure attending the propaga- 
tion, of the explosive waves. The noon-gun of Tokyo, fired at a 
distance of 38 km from the Seismological Institute, is sometimes 
audibly very loud, giving, however, no “sound shock’ record on 
the smoked paper. Again, the peals of thunders produce, even 
when very strong, no effects of the kind. It thus seems likely 
that the amount of energy involved in the sound waves of a 
strong Asama-yama explosion must be comparatively great, and 
capable of imparting minute tremors to the ground, as they radiate 
out. In the case of the explosion of Oct. 15th, 1913, registered 
at the Asama Pasture Ground, the “sound shock” generated in 
the transverse component the greatest vibration with the period 
characteristic to the place of observation. 
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CHAPTER XIII. BAROGRAPH OBSERVATIONS AT 
YUNO-TAIRA OF ASAMA-YAMA ERUPTIONS. 


118. Open Barograph records of Asama-yama eruptions. 
In 1913 an attempt was made to obtain the open diagrams of 


the air disturbances caused by the strong Asama-yama eruptions, 
by means of a Richard’s barograph, whose pointer was made to 
register with 5 times magnification on the smoked paper, just in 
the same way as in an Omori horizontal tromometer. (See Fig. 
62.) By means of this arrangement a few of the eruptions were 
successfully registered at the Yuno-taira observatory and _ the 
Asama Pasture Ground,* as described below; the enlarged dia- 
grams being reproduced in Figs. 63, 64 and 65. It may here be 
added that the proper vibration period of the pointer was quick 
and =0.3 sec. approximately. 

119. Observation of explosions at Yuno-taira. The follow- 
ing three eruptions have been barographically registered at Yuno- 
taira on the quickly moving smoked paper :-— 

(i) Explosion of Aug. 12th, 1918; at 7°45™ p.m. 


(ii) ” 9 9 990 5059 > 9» 11 20 p.m. 
(iii) * May Oth, 1914; ,, 0 33 am. 


(i.) Kaplosion of Aug. 12th, 1913, at 7° 45™ p.m. (Fig. 65.) 
The barometric disturbance, which occurred at 7" 45" 14.0° p.m., 
began with a compressional wave, composed of the Ist displace- 
ment, or rise, of 2.8 mm and the 2nd displacement, or fall, of 3.2 
mm, the two making up an oscillation of T=2.7 sec. Then 
followed a rarefactional wave about 4.4 sec. in period, and of the 
maximum double amplitude of 0.43 mm, there being a superposi- 


* Same observations were repeated at the Sakura-jima on the occasion of the recent eruptions. 
The barographic diagrams were similar to those obtained at the Asama-yama stations. 


190 7 F. Omori: 


tion of smaller vibrations of T=1.3 sec. The whole disturbance 
lasted 7.1 sec., the termination being also quite abrupt. 

The 1st displacement of the ‘“ initial vibration” of the cor- 
responding earthquake motion at Yuno-taira took place at 7° 45" 
07.65; the 2nd displacement appearing 0.7 sec. later on (§ 61). 
Consequently the time interval between the occurrence of the 
detonation and that of the explosive outward motion of the ground 
was 95.7 sec. 

(ii) Explosion of Aug. 12th, 1913, at 11° 20" p.m. In the 
smoked paper diagram, the barometric disturbance began at 11° 
20" 40.4" p.m. with a sudden rise of over 11 mm, the writing 
index of the instrument having thereby been thrown off the 
recorder. The counter motion seems to have been about 2 mm 
greater than the preceding. 

In the ordinary Richard’s barogram, the rise and fall of the 
pressure amounted to 14.2 and 16.5 mm respectively. 

The commencement at Yuno-taira of the earthquake motion 
was at 11" 20"32.9° p.m. the 2nd displacement of the “ initial 
vibration’ taking place 1.5 sec. later on. Thus there was a time 
interval of 6.0 sec. between the occurrence of the detonation and 
that of the explosive outward motion of the ground. 

(iii) Kwplosion of May dth, 1914, at 0.33 am. (See Fig. 
64.) The exact time of commencement of the barometric distur- 
bance was t=0" 33" 10.3° a.m. or 6.9 and 5.2 sec. respectively 
after the moment of arrival of the 1st earthquake movement and 
the displacement corresponding to the actual beginning of the 
explosion ; the time of commencement of the earthquake at Yuno- 
taira being 0" 33" 03.4% a.m. The Ist barometric effect consisted in 
an. abrupt increase of the pressure amounting to 6.4 mm, followed 
by the decrease of 7.0 mm, together composing an atmospheric 
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vibration of T=2.3 sec. Then followed a 2nd vibration of T= 
1.9 sec., and composed of increase =0.3 mm, and decrease=1.5 mm ; 
these forming, with the 2nd displacement of the Ist, a total decrease 
of 8.3mm, resulting in the diminution of 1.8 mm from the original 
level. The next two small vibrations of T=3.4 sec. practically 
brought the barometric disturbance to end. Total duration= 
12.3 see. - 

120. Observation of non-detonative eruptions. In 1913 the 
following two of the non-detonative eruptions of the Asama-yama 


have been observed in the same barographical manner :— 


(iv) ‘At Yuno-taira .......... Eruption of Aug. 15th, at 4.01 p.m. 
(v) ,, Asama Pasture Ground _,, Nov. 20th, ,, 3.40 p.m. 


(iv) Eruption of Aug. 15th, 1913, at about 4° p.m., observed 
at Yuno-taira. (Fig. 63.) The barographic disturbance was essen- 
tially compressional and began at 4" 01"16.5° p.m. (=t,) with 
pressure increase, which reached the amount of 0.31 mm in the 
course of 1.9 sec. For the next 7.2 sec., the pressure was gradually 
decreased by the amount of 0.015 mm. Then, for the next 10.4 
sec., the barometric fluctuations became active, there being amongst 
the others, 6 vibrations of maximum range of 0.29 mm and 
of period of about 1.14 sec. So far the total duration was 
19.5 sec. The disturbance was thereafter very small, continuing 
for further 8.8 sec. ; 

The character of the barometric disturbance was in accordance 
with that of the eruption, which consisted, not in a single explo- 
sion, but of a powerful smoke emission of a long duration. In the 
diagram of the corresponding earthquake motion, there were very 
small introductory movements for some time interval, but the 


commencement of the well pronounced preliminary stage was at 
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4° 01" 05.8° p.m. (=t,), while there was a slight increase in the 
amplitude 3.7 sec. later on, namely, at 4°01" 09.5° pm. (=t,). 
The intervals between these times of occurrence of the earth- 
quake movements and that of the barograph disturbance were as 
follows :— 

t, —t,=10.7 sec., 

Crete a0, 8 
the latter of these values being not much different from those 
found, in the cases of the three strong explosions considered in 
the preceding § for the interval between the detonation and the 
outward explosive motion of the ground. Thus the commencement 
of the barometric disturbance coincided very nearly with that of 
the generation of the vibrations forming the introductory part of the 
preliminary portion of the earthquake motion, and not with the 
subsequent stronger shock or larger movements. 

(v) ruption of Nov. 20th, 1913, at 3" 40" p.m., observed at 
the Asama Pasture Ground. The barometric disturbance, which 
lasted 5.4 sec., was composed of the two slow vibrations of the 
average T=2.7 sec., (with trace of the superposition of very slight 
movements) ; the 1st and principal one being made up of a rise 
of 0.36 mm and a fall of an equal amount. The time of com- 
mencement was 3" 40" 58° p.m. or 21 sec. after the arrival of the 
earthquake motion at the same observing place. 

121. Remarks on barographic observations at Yuno-taira. 
In the three cases of the explosions considered in § 119, the time 
differences between the occurrence of the barometric disturbance 
and the commencements of the preliminary portion and the 2nd 
displacement (or the end of the 1st) of the “ initial vibration” of 
the earthquake motion were as follows :— 
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Time difference between Barometric Disturbance 
and Commencement of 


Explosion. ; 
Preliminary Portion and: displacement of 
: J “Tnitial Vibration.” 
(i) Aug. 12th, 1913. ; 6.4 sec. 5.7 sec. 
(ii)P tes %9 7.5 6.0 
(iii) May 5th, 1914. | 6.9 5.2 
Mean. 7.22) 5.6 


(1) The preliminary portion was obliterated by the tremblings of the ground which existed 
beforehand. 
(2) (i) is excluded in taking this mean. 


Thus, at Yuno-taira the barometric disturbance arrived, in the 
mean, 5.6 sec. after the occurrence of the 2nd vibration of the 
“initial vibration,’ or the stage corresponding to the actual 
moment of the explosion, and 7.2 sec. after the commencement of 
the earthquake motion. 

Now, according to the descriptions of the seismograms given 
in Chapter VI, the mean time differences between the appearance 


99 


of the “sound shock” and the commencements of the preliminary 


portion and of the 2nd displacement of the ‘ initial vibration ” 
were at Yuno-taira respectively 7.3 and 5.8, being equal to the 
above found mean intervals respecting the barometric disturbance, 


as follows :— 


Time difference between “Sound Shock ” 
and Commencement of 


Explosion. 
ees ave ; 2nd displacement of 
Preliminary Portion. beT alos beAtion?? 
May 27th. — sec. 6.0 sec. 
» 29th. 7.0 5.9 
June 17th. 7.6 6.2 


» 26th, (11 p.m.) — 6.1 
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2 ae 


_ Time difference between ‘Sound Shock ” 


Explosion. and Commencement of 
(1913) Sc pi Ae ee 2nd displacement of 
Preliminary Portion.  Tnitial Vibtahion 
July 8th. 6.9 sec. 5.7 see. 
Pe Locke 8.7 6.3 
helo 6.4 . 5.2 
ae 9th: 6.8 5.5 
Aug. 12th, (11 p.m.) 7.6 6.0 
May 5th, (1914). — 5.4 
Mean. 7.3 5,83 


Thus the time moment of appearance of the ‘“ sound shock ” 
on the tromometer diagram is perfectly identical with that of the 
air disturbance on the barogram. 

The total durations of the barometric disturbance in the two 
explosions of Aug. 12th, 1913, (at 7p.m.), and May 5th, 1914, 
were respectively 7.1 and 12.3 sec.; being in the latter case equal 
to the duration of the specially prominent earthquake motion. 

The first and main portion of the barometric disturbance is 
always made up of an abrupt compressional displacement follow- 
ed by a slightly greater counter motion, the two making up an 
oscillation of the mean period of about 2.5 see. It is interesting 
that this period (T), is not at all very short, but sufficiently 
long and not much different from that of the “ initial vibration ”’ of 
the earthquake motion. Denoting the amount of the increase 
or decrease in the barometric height by op, the average rate of the 
pressure change is=24p/T. If, for instance, ép be 15 mm, as was 
nearly the case in the explosion of Aug. 12th, 1913, at 11 p.m., 
then the mean pressure change on 1 sq. metre area would be 


Pink Ae 


Fig. 62. Barograph adapted to a quick mechanical registration on smoked paper. 


Fig. 63. Yuno-taira Barogram of the non-detonative Asama-yama eruption 
on Aug. 15th, 1913, at 3. 58. 46 p.m. Magnification = 44. 
Time Scale: 1 minute=192 mm. 
(+)....Pressure Increase, (—) ...Pressure Decrease. 
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Smoked-Paper Barograms of the Asama-yama Explosions observed 
at Yuno-taira. (+)....Pressure Increase. (—)....Pressure Decrease. 


Fig. 64. May 5th, 1914. Fig. 65. Aug. 12th, 1913; 7? p.m. 
Magnification = 23, Magnification=56. Time Scale: 
Time Scale: 1 min,=79 mm. 1 minute=265 mm. 
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21.5 


2.5 


100 x 100 x( )x 13.6=160 kg per sec. This may be regard- 


ed as indicating the intensity of the sound wave of the explosion 
which caused the shakings of the building of the Yuno-taira 
observatory, being a sort of measure of the destructive capacity 
of the air concussion. The quick minute vibrations, which are 
doubtless mixed up with. the principal oscillation above consider- 
ed, although not indicated in the diagram, are probably the cause 
of the audible detonative sound. 

From § 120 it is seen that the two powerful non-detonative 
eruptions of Aug. 15th (at 4 p.m.) and Nov. 20th, 1913, produced 
slight barometric disturbances, which consisted of a greater or 
smaller number of similar vibrations ; the maximum amount of the 
barometric change being in these two cases 0.31 (at Yuno-taira) and 
0.36mm (at the Asama Pasture Ground). There existed the 
periods of 1.14 and 2.7 see. 

The barometric disturbances caused by the eruptions, both 
explosive and non-explosive, were essentially positive, i.e., consisted 
in the compressive effects, the rarefactional change beyond the 
level of equilibrium being very slight. (See also § 122.) 

122. Explosions recorded on Richards barograph. An or- 
dinary Richard’s barograph to the natural scale kept in the Yuno- 
taira observatory has recorded the different stronger explosions, the 
diagram consisting in each case of only a short single line, as 
shown in Figs. 66 and 67. 

(July 13th, 1913.) 


M 6 N 6 M 
620 mm. 


Fig. 66. (a).. Barometric disturbance 
610 caused by the explosion of the 13th, at 
4.01 p.m. 


600 
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July, 1913. 


(7th) (8th) 
M 6 N 6 _M 6 
610 mm. 
Bic. 6s 600 
590 
a b c 
(a), (b), (c).... Barometric disturbances caused by the explosions of the 7th, at 


7.10a.m. and 9.46 p.m., and of the 8th, at 5.25 a.m. 


The barometric disturbance, i.e., the 1st increase and the 
2nd decrease measured from the barograms, is tabulated below. 


TABLE XXX. RICHARD’S BAROGRAPH RECORDS OF THE ASAMA- 
YAMA EXPLOSIONS. YUNO-TAIRA, 1913. 


a 


Date. 2nd displacement Barometric Disturbance. 
BUSES) che eae Gee , ee 
initial vibration. Increase. Decrease. Ratios qe 
May 16. 0.102 mm. 2.8 mm. 4.0 mm. 1.4 
ao be 0.062 3.6 4.2 1.2 
ae PEPE 0.098 3.0 3:6 1.2 
June 20. 0.025 2.3 2.6 aa 
ae eG: 0.040 3.4 4.7 1.4 
Sess 0.093 6.0 (SD 1.2 
July 7. 0.037 Bit 4.0 1.5 
alee 0.080 3. pal 12 
n 8. 0.088 3.5 43 1.2 
Sao: 0.123 ieee 9.6 is 
eo: 0.116 3.4 4.7 a4. 
BEL 0.127 9.6 12.5 108 
Aug. 12. 0.050 1.6 — ad 


Epes, 0.217 14.2 16.3 12 
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Non-Eruptive Voleanic Eqkes observed at Yuno-taira. 


Fig. 70. Tremor-recorder 
Transverse Component 
Diagram of a sensible 
Shock on July 1st, 1912, 
at 10. 09. O07 a.m. 

Magnification =585 


Time Scale: 1 min.=82 mm. 


[a....Commencement.] 


Fig. 71. Tromometer 
Longitudinal Compo- 
nent Diagram ofa shock 
on Sept. 13th, 1911, at 
8.43.09 p.m. 


—» Motion toward Crater. 


Magnification = 1190, 


(em 


Motion away from Crater. 


Time Scale: 1 min.=190mm. 
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The largest barometric disturbances of about, or over, 10 mm 
were indicated in the three cases of July 13th and 19th, and Aug. 
12th, 1913. The barographic record of the strong explosion of 
June 17th was unfortunately not taken at all. The 2nd or 
decrease change is on the average 1.3 times larger than the Ist 
or increase change. 

Comparison with * Initial Vibration.” From Table XXX it will 
be seen that the amount of the barometric disturbance varies with 
the range of the ‘ initial vibration.” Comparing the 2nd displace- 
ment of the latter, which accompanies the actual explosion, with 
the direct. effect on the air disturbance, namely, the 1st barometric 


rise, we. have :— 


Barometric Disturbance. | “ Tnitial Vibration.” 
(1st Pressure Increase.) (2nd Displacement.) 
14.2 mm. 0.217 mm. 
8.6 0.127 
reas 0.123 
6.0 0.093 
3.0* 0.070* 


* Meaned from the 10 cases in which the barometric increase was less than 4 mm. 


The ‘initial vibration,’ the range of whose 2nd (or Ist) dis- 
placement increases with the amount of the barometric disturbance, 
may thus probably be taken as being proportional to the intensity 
of the explosive effect. Seismically, the “ initial vibration” seems 
to possess no necessary, or at least, no simple, relation to the 
intensity of the subsequent earthquake motion. 

123. Barometric disturbance and extension of sound area. 
In the following table I give a comparison of the extension of the 


total sound area and the Ist displacement of the barometric 
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disturbance recorded by the Richard’s barograph (Table XXX), 


arranged in order of magnitude of the latter. 


3 Barometric Disturbance. 
Group. Explosion. (1st Displacement, Total Sound Area. 
or Increase). 


Aug. 12th (11 p.m.) 14.2 mm. 35,940 sq. km. 
‘ July 19th 9.6 : 19,050 
: » 13th eu 18,250 
June 26th (11 p.m.) 6.0 15,750 
June 26th (8 am.) 3.4 12,610 
P May 29th 3.0 19,370 
i » 16th 2.8 7,240 
June 20th 2.5 19,560 


Thus, of the group (i) explosions, with the larger barometric 
disturbance, that on Aug. 12th had very extensive sound area. 
On the other hand, the explosions of the (ii) group, with the 
smaller barometric disturbance, had the sound areas of about the 
same extension as the rest of the (1) group. This seems to show 
that the extent of the sound area does not depend simply on the 


intensity of the detonation at the origin. 


CHAPTER XIV. PROPAGATION VELOCITIES OF VOLCANIC 
DETONATION AND EARTHQUAKE MOTION. 


124. Propagation velocity (= V) of Asama-yama detonation 
between Yuno-taira and Tokyo. \n the two explosions of Aug. 
12th, 1913, at .11.20p.m. (§§° 62 and 117) and of May 5th, 
1914, at 0.33 a.m. (§§ 63 and 117), the times of occurrence of 
‘the barometric disturbance at Yuno-taira and of the “sound 
shock” in Tokyo have been accurately determined; the baro- 


metric disturbance and the “sound shock” being identical with 
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the actual detonation (Chapters XII and XIII). We have :— 


Commencement of 


5 Barometric Disturbance| Commencement of Time Difference 
Explosion. at Yuno-taira (from os Sound Shock ” between Yuno-taira 
Barograph, § 116). in Tokyo. and Tokyo. 


m 


h m ayes h m 8 s 
(i) Aug. 12th, 1913.| 11 20 40.4 pm.]| 11 27 07.0 p.m. 6 26.6 
(ii) May 5th, 1914.;| 0 33 10.3 am.| 039 38.0 a.m.” 6 27.7 


(1) From the tromometer record at the Seismological Institute. 

(2) From the direct time observation by the present author at his house. 
Thus the time intervals taken by the sound waves in travelling 
the space between the observatory on the volcano and the city of 
Tokyo were on the two occassions respectively 6” 26.6° and 
6" 27.7°. For (i) the difference of the radial (sound path) distances 
of the Yuno-taira observatory and the Seismological Institute is 
135.408"— 2.385" = 133.02; the propagation velocity of the detona- 
tion being 344.1 m/sec., as follows :— 


‘ km 
yr. 133.02 


== = 844.1 m/sec. 
6" 26.6 ; 


For (ii), the difference of the radial distances between Yuno-taira 
and. the author’s house, is 132.08*"—2.38*"=129.70™; the propa- 
gation velocity being 334.5 m/sec. : 


yy. 129.70" 
6" 97.7 


= 334.5 m/sec. 


Again, for (i), the air temperature at the different places along or 
near the sound path, namely, at Maebashi, Kumagai, Yoko- 
hama, and Tokyo, was between 19.6°C and 28.4°C with the 
average of 25°C; while that for (ii) was from moos tos Losleas, 
with the average of 10.6°C. The values of the ordinary sound 
propagation corresponding to these two mean surface air temper- 


~ 
' 


atures are 347.6 and 338.8 m/sec., being respectively 3.5 and 
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4.3 m/s too large than the values actually. found,’ as .ought to 
be, the air temperature at the surface being probably about 6°C 
higher than the mean value along the actual sound path. 

125. Time difference between arrivals of earthquake and 
sound waves. For the strong Asama-yama explosions observed 
in 1913 at the Asama Pasture Ground and Ashino-taire , the time 
differences between the arrivals of the sound shock and _ the 


earthquake motion were as follows :— 


; Asama Pasture Ground. Ashino-taira. 
Explosion. 
(1913). (1) sich gph fii) (1) (ii) 
Sound-{ Cat Sound-Explosion. Sound- {Ga ef Sound-Explosion. 
(L) 17.3 see. 16.1 see. 14.0 see. 12.5 see. 
Sept. Qist...:.. | | | 
(T) AW Gy a a fe 
L — — 14.4 | 12.8 
Geta shia ae va {he | | 
(T) 17.5 a : 14.3 — 
L 17.2 16.0 — — 
Meakin ait | 
el LP ARAL oe ee . So en: 
L — 1635, © a - 
py Pata NG) Bi es fe | : 
) (T) —— — a. ae 
Mean. 17.2 | 16.2 14.2 12.6 


In the above table, (i) relates to the retardation time of the 
sound waves with respect to the commencement of the earthquake 
motion, and (ii) to that with respect to, the moment of the ex- 
plosion, namely, the end of the 1st displacement of the “ initial 
vibration.” The air temperature at the, observing places at or 
about the time of the explosion on the, 4 occasions’ taken into 
consideration varied from 5° to 16°C, giving the mean of about 
12°C and 13°C respectively for the Asama Pasture, Ground. and 
for Ashino-taira. Again, for the 10 explosions observed at Yuno- 
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taira, for which the time differences in question have been ex- 
amined in § 121, the air temperature at the observatory varied 
from 7.5° to 17.4° C, giving the mean value of 12°C. The mean 
air temperature corresponding to the sound paths between the 
different observing stations and the Asama-yama crater, which 
must be a few degrees lower than the values above obtained, may 
be assumed, in round number, and probably without an ap- 
preciable error, to be 10° C. We have, then, for this latter mean 


air temperature, the following general results :— 


(For the air temperature of 10° C.) 


(i) Time Difference : (ii) Time Difference : | Approximate Length 


Station. Sound-Earthquake Sound-Explosion. of Sound Path. 
Commencement. 
Yuno-taira. 7.3 sec. 5.8 sec. 2380 m. 
Ashino-taira. 14.2 12.6 4990 
Asama Pasture Ground. 17.2 16.2 6490 


126. Propagation velocity of explosive seismic waves at 
neighbourhood of origin. The distances given in the last column 
of the table at the end of the foregoing § are the approximate lengths 
of the sound paths from the crater centre to the different observ- 
ing places. The mean values of the interval (11), which gives the 
time difference between the arrivals of the detonation and of the 
earthquake vibration corresponding to the moment of the explo- 
sion, were 5.8 sec., 12.6 sec., and 16.2 sec. respectively for Yuno- 
taira, Ashino-taira, and the Asama Pasture Ground, very nearly 
in proportion to the path lengths of 2380 m, 4990 m, and 6490 m, 
giving the following mean relations :— 


For Yuno-taira : 2380™ (= — =] = 6.8 sec. 
V10° Vv 
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For Ashino-taira : 49¢0™ ( alate _ =| = 12.0 SOC: 
Vio W 
1 3 ° 1 1 
» Asama Pasture Ground: 6490™ (= ah al Oe ee 
N10. V 


in which v is the propagation velocity of the ‘ initial vibration,” 
and Vio that of the detonation, or sound shock, corresponding to 
the air temperature of 10°C. Now, as the velocity increase with 
the magnitude of the detonation is anyhow limited to the very 
vicinity of the explosion centre, and as, more especially, the 
explosive violence communicated to the atmospheric mass at the 
mountain top ought to be directed upwards, the sound velocity of 
the explosions between the crater and the lower places of Yuno- 
taira, Ashino-taira, and the Asama Pasture Ground, may probably 


be assumed without much error to have the ordinary value for 


the corresponding air temperature. 
Putting then Vio=338 m/sec. in the above equations, we 
obtain : 
For Yuno-taiva : v = 2.0 km/sec. 


»  Ashino-taira : v 


2.32 ) Mean. 
. {2.24 km/sec. 

» Asama Pasture Ground: v= 2.17 
Thus the propagation velocity of the “ initial vibration,” or the 
vibration generated at the moment of the explosion, is about 2.0 
km/sec. for Yuno-taira (radial distance=2.39 km), and about 2.2 
km/sec. for Ashino-taira and the Asama Pasture Ground taken 
together (mean radial distance=5.7 km). 

According to the approximate estimations in § 6, the initial 
velocity with which the lava fragments are projected from the 
crater seems to be some 150 m/sec. If this be also the impulsive 
velocity communicated to the air over the crater, then the pro- 
pagation velocity of the detonation at the immediate vicinity of the 


origin of explosion may be some 500 m/sec. 
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127. Velocity of transverse vibration. Taking together the 
results of the observations of the Asama-yama explosions at 
Ashino-taira and the Asama Pasture Ground, the duration of the 
preliminary portion in the transverse component was on the ave- 
rage about 1.0 sec. longer than in the longitudinal. This may be 
regarded as denoting the retardation interval of the motion in the 
transverse corresponding to the “ initial vibration ” in the longitudi- 
nal component, and gives,-for the two above named places, a 
transverse propagation velocity of about 1.6 km/sec., which is to 
the corresponding longitudinal velocity in the ratio of nearly 2:3. 

128. Small quick vibrations. The small quick vibrations of 
T=about 4 sec. begin to appear first some seconds after the 
earthquake commencement, apparently depending on the radial 
distances of the observing places, as follows :— 


(Longitudinal Component.) 


Time Interval between the Appearance of the 
Small Quick Vibrations and 


Place. 
Earthquake Commencement. | End of 1st Displacement of 
“ [nitial Vibration.” 
Yuno-taira. 2.9 see. 1.6 see. 
Ashino-taira. 5.4 3.9 
Asama-Pasture Ground. 7.2 4.9 


Making use of the figures in the last column of the above table 
and of the propagation velocities of the “ initial vibration” in 
the longitudinal component given in § 126, we get, for the small 
quick vibrations in question, the following results :-— 


Velocity of Small Quick Vibration. 
For Yuno-taira : 0.85 km/sec. 
» Ashino-taira : 0.82 


, Asama Pasture Ground. 0.83 
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The velocity thus comes out nearly constant for the three observ- 
ing places, with the mean value of 0.83 km per sec. The small quick 
movements in question may be the secondary surface vibrations. 
129. Propagation velocity of explosive vibrations between 
Asama-yama and Tokyo. According to $116, the differences 
between the time of occurrence at the Yuno-taira observatory, 
and the moments of arrival at the Seismological Institute of the 
preliminary and the maximum phases, of the earthquake motion 
due to the Asama-yama eruptions are respectively 42.6 and 
73.6 sec. As the horizontal radial distances of these two places 
are 2.3 and 135.4km, the propagation velocities between Yuno- 


taira and Tokyo are :— 


Preliminary Tremor .......... v, = 133.1 / 42.6 = 3.1 km/sec. 


End of Preliminary Tremor ....v, = 133.1 / 60.5 = 2.2 
(Duration =18 sec.) 


Maximumsvehase fee... Vv; = 133.1 /73.6 =18 


The velocity (v,) of the preliminary tremor is thus 3.1 km/sece., 
which is nearly equal to that of the surface propagation, or the 
3rd phase of the principal portion, of the ordinary earthquake 
motion. It is likely that the vibrations resulting from the 
explosions at the crater of the Asama-yama, 24 km in height, are 
propagated to Tokyo essentially along the surface ground.* It is 
desirable that this result should be further verified. 

130. Propagation velocity of earthquakes. The strong earth- 
quakes, which originate from under the Asama-yama itself or the 
neighbouring districts, must be more or less deep-seated, and con- 
sequently we find the propagation velocity of their vibrations 
greater than that of the shakings caused by the explosions them- 


selves. The velocity of propagation has been calculated in the cases 


* Similar suggestion has been made in the Bulletin, Vol. VI, No. 1, § 39. 
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of the two special semi-destructive shocks in 1912, namely, the 
Asama-yama earthquake of July 16th and of the Ueda earth- 
quake of Aug. 17th, from the instrumental records obtained at the 
Yuno-taira observatory, the Seismological Institute in Tokyo and the 
meteorological observatory of Osaka (¢=34° 39’ N, 4=135° 26’ E). 
The distances of the two latter places from the crater of the Asama- 
yama are respectively 135.4 and 341.3km, and those from the 
origin of the Ueda earthquake, 156.3 and 323.1km. The dif- 
ferences in the times of earthquake occurrence between Yuno-taira 
and Tokyo were 28 sec., and those between Tokyo and Osaka 30 
and 32 sec. The durations of the preliminary tremor in Tokyo 
and Osaka: were respectively 18.3 and 20.4 sec., and 43.0 and 
49.3 sec. 

(i) Asama-yama earthquake of July 16th, 1912. As the duration 
of the preliminary tremor at the Yuno-taira observatory was very 
short, the radial distance of the latter may be assumed to be 
about 3km. The following table gives the time of commence- 
ment and the duration of the preliminary tremor at the Yuno- 
taira observatory, the Seismological Institute (Tokyo), and the 
Osaka meteorological observatory. 


Station. Radial Distance. pee of ae Bone ie of 

Occurrence. Prel. Tremor. 

Yuno-taira Obs. 3. km. 7.45.35 a.m.| Very short or 0 sec. 
Seismol. Institute. 135.4 7.46.03 18.3 
Osaka Met. Obs. 341.3 7.46.33 49.3 


The values of the propagation velocity, v., of the first pre- 
liminary tremor between the different stations are found as 


follows :— 
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Between Yuno-taira and Tokyo....v, = ree 4.7 km/sec. 
* Yuno-taira ,, Osaka....v, = see 5.8 
58 
INK 
. Tokyo ON yy a eS ie =/6) 


For the propagation velocity, v;, of the vibration at the 


commencement of the principal portion, we have :— 


‘ km 
Between Yuno-taira and Tokyo....v; = 2 312 ae 2.86 km/sec. 
28 + 18.3%: 
os Yuno-taira ,, Osaka....v; = SO 3.15 
58 + 49.3 
2 
+ Tokyo ye Om ka oe. V3 = a 205.2 = eo 
30 + 31.0 


(ii) Ueda earthquake of Aug. 17th, 1912. The time of 
occurrence and the duration of the preliminary tremor of this 
earthquake, whose origin was at ¢=36° 26’N, 2=138° 15’ 35” KH, 
or about 25 km to the N77°W of the Asama-yama ‘erater, at the 
Yunotaira observatory (Asama-yama), the Seismological Institute 
of Tokyo, and the meteorological observatory of Osaka, were as 


shown in the following table. 


Station. Radial Distance. Time of Eqke Duration of 
Occurrence. Prel. Tremor. 
h m s 
Yuno-taira. 23 km 11 21 25 pm. 4.2 see. 
Tokyo (Seism. Institute). 156.3 11 21 53 20.4. 
Osaka. 323.1 11 22 24.8 43.0 


a ee 
The values of the propagation velocity, v,, of the first preliminary 
tremor between the different stations are found to be about 5 
km/sec., as follows :— 
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km 
Between Yuno-taira and Tokyo....v, = — = 4.8 km/sec. 

km 

eee Yuno-taira ,, Osaka....v, = 300 = 5.0 r 
6O08e°: 
am7km 

re Tokyo ay. MOE Sip 2 ps 167™ =o s 
SgQsee 


For the calculation of the propagation velocity, vs, of the vibra- 


tion at the commencement of the principal portion, we have: 


133k 


Between Yuno-taira and Tokyo....v,; = ———__ = 3.01 km/sec. 
28 + 16.2 
Km 
a Yuno-taira ,,‘ Osaka....v, = ey =o U4 a 
60+ 38.8 
km 
* Tokyo POS Ka een Ve mL igee ==00,U0 aes 
32+ 22.6 


Summary. The results obtained above are collected in the 
following table :— 


(Velocities v, and v, in km/sec.) 


v, (Commencement of v, (Commencement of 


Padinte Distance Earthquake). Principal Portion). 


Eqke i. | Eqke ii. Mean, || Eqke i. | Eqke ii. Mean. 


Asama-yama to Tokyo.| 4.7 4,8 4.7 2.86 3.01 2.94 


Asama-yama to Osaka.| 5.8 5.0 5.4 3.15 3.04 3.10 


Tokyo to Osaka. 6.9 5.2 6.0 3.38 3.06 3.22 


Thus the mean values of the velocity (v,) of the preliminary tremor 
of the earthquakes were 4.7 and 5.4 km/sec. for the radial dis- 
tances of about 135 and 341 km from the Asama-yama respectively 
to Tokyo and Osaka. The velocity calculated by the ‘“ difference 
method” between the two latter places was 6.0 km/sec. The 
velocity (vs), which corresponds to the commencement of the 
principal portion, and which characterizes the surface propagation, 
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did not much vary, being 2.9 and 3.1 km/sec. for the dis- 
tances respectively to Tokyo and Osaka, and 3.2 km/sec. between 


the two latter places. 


CHAPTER XV. CONDITION OF ASAMA-YAMA, 
1912 TO 1914. 


131. Strong Asama-yama earthquakes in relation to erup- 
tions. The recent extraordinary activity of the Asama-yama may 
be considered to have began with the strong non-eruptive earth- 
quake of May 26th, 1908. Yet the energetic explosions of the 
volcano took place first from Dec. 7th of the next year (1909), 
followed by several others in 1910 and 1911. After the strong 
explosion of Oct. 22nd, 1911, the eruptive activity was greatly 
reduced, there having been no important outburst of the Asama- 
yama during the summer of 1912. At the same time, however, 
the seismic activity of the voleano became very pronounced, and, 
amongst the others, the earthquake on July 16th (1912), at 
7.45.35 a.m., was markedly strong, being, according to the tromo- 
meter observations in Tokyo, of the same magnitude with, and 
identical almost vibration for vibration to, the shock on May 
26th, 1908. The period of the greatest explosive activity of the 
Asama-yama began with the outburst of May 16th, the next year 
(1913). From these circumstances, it seems that the opening of 
a period of great eruptive activity of the volcano is announced 
by strong seismic disturbances 10 months or 1§ years before- 
hand. Such an assumption is by no means unreasonable: for 
instance, the premonitary earthquake shocks of the Kirishima-yama 
explosion of Nov. 8th, 1913, had began already 6 months be- 
fore the latter date. In other words, the explosions, which are 


themselves mere surface phenomena, must be the results of the 
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long-continued and deep-seated underground stress accumulation, 
which may not be limited simply to the immediate vicinity of a 
particular volcano or to the extension of a single volcanic chain. 
132. Condition of crater in summer of 1912. As mentioned 
in the Bulletin, Vol. VI, No. 1, the lava bottom of the Asama- 
yama crater was subject to elevation since many years, with the 
mean annual rate of about 4.3m between 1887 and 1911; the 
actual depth measured at the NW part of the brim in June of 
the latter year being 120m. This depth remained essentially 
unaltered on the whole till the summer of 1912, although there 
were evidently certain fluctuations of level and changes in form of 
the crater bottom attending the different strong eruptions which 
had happened before that year. In fact, the appearance of the 
bottom was constantly changing, being sometimes almost perfectly 
smooth, and at other times very rugged and broken into a number 
of high ridges. As will be seen from Fig. 1, the bottom of the 
crater was on July 2nd, 1912, folded into a series of beautiful 
regular concentric rings, with a deep depression or shaft some 
20m or so in diameter situated nearly at the centre, from which 
the smokes were powerfully ejected. According to the photographs 
and sketches taken by Professors 8S. Nakamura and N. Yamazaki 
in. Sept. 1909, such had also been the condition of the crater 
bottom ‘after the strong explosion of May 31st, 1909. The forma- 
tion of the rings above referred to was due, not to anything like 
a wave motion of the fluid lava, but to the successive concentric 
depression or downward dislocations of the lava crust at the 
bottom, which had been after a previous strong eruption thrown 
into a plane or slightly convex surface. When viewed on Aug. 


*In this way a terrace of lava is formed along the inner circumference of the crater, as 
was exhibited in a most remarkable manner during the recent activity of the O-shima 
volcano, 
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23rd (1912), the lava rings in the northern half of the crater 
bottom were broken away and substituted by a number of small 
vents formed on an irregular field of apparently sandy scorie. 
(See Figs. 72 and 74.) 

133. Eruptions of Oct. 2nd and Dee. 13th-14th, 1912. On 
Oct. Ist, 1912, the condition of the crater bottom has been ascer- 
tained by Mr. T. Kato to be nearly in the same condition as on 
Aug. 28rd in the previous summer. The very next day, on Oct. 
2nd, took place the special outbursts which consisted in the 
occurrence of several hundred small non-detonative eruptions, 
extending over a time interval of more than 9 hours. (See § 71.) 
As the result of this long-continued activity, the lava layer at the 
crater bottom was converted into one smooth convex field and 
raised through an extraordinary distance of about 80m. (See Fig. 
73.) The upheaval of the lava mass was much increased by the 
stronger outbursts on Dec. 13th and 14th of the same year, which 
lasted about 31 hours. One week after, namely, on Dec. 21st, the 
author, who ascended the mountain with Mr. Kanbayashi, of the 
Nagano meteorological observatory, found the bottom elevated 
practically to the brim, the steep cliff inside walls of the crater 
having been entirely buried by the lava, which was, should 
any further outburst of similar nature take place, ready to flow 
_ out northwards, the crater wall being lowest in that direction. 
The possible descent of lava streams was, however, no cause of 
much uneasiness, as these would have no high velocity of progress, 
and be, further, brought to stoppage already at the mountain base. 
being thus unable to reach, and cause damage in, the villages 
themselves. (See Fig. 15). The event of more dreadful nature was 
in the downrush of a burning ‘mud stream” or ‘* volcanic 
avalanch.” As described in the Bulletin, Vol. VI, the enormous 
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Fig. 72. Crater of Asama-yama, seen from SSW, on Aug. 23rd, 1912. (F. Omori, phot.) 


Fig. 73. Crater of Asama-yama, seen from SSW, on Oct, 14th, 1912, showing a remarkable 
elevation of the bottom, consequent to the eruption on the 2nd of the same month. (T’. Kato, phot.) 


124 PO.O.9 A 


Fig. 74. Orater of Asama-yama, seen from SSW, on Aug. 23rd, 1912. (F. Omori, phot.) 


Fig. 75. Central cone of Asama-yama, seen from W. at the entrance of - 
Muken-dani, Dec. 21st, 1912. 


LIBRARY 
OF THE 
UNIVERSITY OF huinors 


+ 


The Eruptions and Earthquakes of the Asama-yama. IV. P11 


damage on the occasion of the great Temmei (1783) catastrophe of 
the Asama-yama was due to the tremendous “ volcanic avalanches,” 
which precipitated themselves northwards into the upper valley 
of the river Agatsuma-gawa, a tributary of the Tone-gawa. 
Similar events occurred evidently also in the older times ; the whole 
southern slope of the Asama-yama between Kutsukake and Miyota 
being covered by the product of the former volcanic avalanches, 
which took place probably on the occasion of the eruptions in Aug. 
to Oct., 1108, when the volcanic stones, sands, and ashes are said 
to have buried the cultivated fields for about 18 miles.* 

The occurrence of new volcanic avalanches, at least, of those 
of any large magnitude, seemed, however, improbable. Thus, 
before the great Temmei eruptions the Asama-yama had_ been 
very quiet for about 50 years and the crater had been entirely 
filled up, the rocks and earth at the mountain top, by exploding 
which the deep central vent was opened up, having probably 
furnished the material of the fearful volcanic avalanches ; whereas 
the present conditions of the Asama-yama, which has maintained 
activity since 1908 are different from those for 1783, there having 
existed the actual crater from the commencement, with no obstacle 
to the free overflowing of the inside lava mass. The above was 
the reasoning, by which I tried to remove the panic of the people 
of the villages and towns at the mountain bases, and, as a matter 
of fact, the conditions of the crater have changed since then con- 
siderably for the better, as mentioned in § 135. 

The half pumiceous light-brownish lava masses, projected out 


* Along the railway and also from among the village grounds of Kariyado and Furujiku, 
situated between the towns of Oiwake and Miyota, recently were discovered at many places 
“natural charcoal,’ or trees, apparently Quercus glandulifera, converted actually into charcoal in 
consequence of having been covered up by the hot materials of the volcanic avalanches in the 
above mentioned remote epoch. The charred trees were so far generally found at the depth of 
1 or 2 metres. 
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on the occasion of the eruptions of Dec. 13th-14th (1912) was 
considerable in amount and covered the whole mountain top* ; 
having entirely buried the large radial cracks at the west side. 
Among the numerous bread-crust bombs, found on this occasion at 
the Muken-dani and around the crater, there were several of light 
bluish-white colour, which contained pieces of cordierite (Fig. 11). 

134. Strong explosions in 1913. The year 1913 may be 
regarded as forming the most explosive period of the Asama-yama 
since its great outbursts in 1783; the strong explosions, which 
were frequent just in the months of May, June, July, and August, 
greatly terrifying the people at Karuizawa, a favourite summer 
resort for the fashionable Japanese and the foreign residents. The 
author was at the time asked many questions regarding the 
supposed inclination of the crater shaft toward Karuizawa, the 
best things to be done in the case of poisonous gases spreading 
over the latter place, ete. Finally, on July 25th the foreign 
visitors in Karuizawa sent to me, through Mr. R. A. Coates, a 
telegram stating their resolution to leave the place, if there be 
any danger from the Asama-yama eruptions. The following is the 
note, which I wrote in answer under the date of July 26th, 
assuring them that there was no cause for panic:—* The Asama- 
yama explosions, occurring at present once every 5 or 6 days, 
throw out hot lava fragments, which reached the observatory 
ground already on three occasions. Consequently, the seismological 
observations have, in a near feature, possibly after a few weeks, 
to be made at a lower station. The furthest distance of the stone 
projection is, however, only about 1$ miles, so that even in a very 


* Fig. 75 is picture of the Asama-yama top taken from the Muken-daniat about 10 a.m., On 
Dec. 21st. The mountain slope was thinly covered with snow (maximum depth=0.5 m) and 
the air temperature at the crater rim was only -1°C, due no doubt to the warming effect of the 
hot lava masses in the crater. 
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violent explosion the lava fragments would never be thrown to 
Karuizawa and other villages at the mountain base. Thus, there 
is....no danger to life at Karuizawa in connection with the 
Asama-yama explosions. Neither there is any necessity for quitting 
the place, so long as these occur singly, however violent. Should 
the eruptions continue (i.e., occur one after the other at very close 
intervals, say, once every a few minutes,) for several consecutive 
days, hot ashes, sands, and pumice might commence to fall at Karui- 
zawa and then it would be prudent for the people to leave the place 
gradually.” The volcanic gases proved very injurious to plants, and 
by degrees the extensive forests of Pinus densiflora, especially those 
in the different radial valleys, were caused to die. On the Roku- 
riga-hara, at the N. base of the Asama-yama, even the compara- 
tively well-resisting Larix leptolepis began to be killed since 1912. 

According to the report of Mr. J. Nishizawa, Director of the 
Nagano meteorological observatory, who ascended the mountain on 
April 11th, 1913, the crater bottom, elevated at the end of 1912, 
seems to have suffered some change and been depressed such that 
the top of a small lava mound, which came into existence at the 
centre, was some 10m below the lowest, or N side, point of the 
surrounding wall. During the following summer months, the 
ascent was too risky on account of the frequent violent explosions, 
which projected hard lava blocks and bombs to the unusually 
great radial distances ; the effects, not merely of the shallowness of 
the crater, but principally of the approach of the centre of volcanic 
activity to a certain depth most favourable for the projection of 
lava fragments. (§ 6.) Apart from the explosions, however, the 
earthquake effects accompanying the non-detonative eruptions of 
Nov. 6th (1913) at 1.21 and at 7.35p.m., gave’ unusually large 
records in Tokyo, the motion in the latter case having lasted 
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about 23 min. Thus, it being desirable to ascertain the condition 
of the crater, I ascended the mountain on Nov. 19th, in company 
with my assistant, Mr. H. Kurosaka, and found, rather contrary 
to my expectation, the crater bottom markedly depressed, to a depth 
of some 30 fathoms below the brim (at the SW part); the central _ 
well-like hole, from which the smokes were powerfully emitted, 
being surrounded by a long hilly are, which was probably the 
remnant of the “lava rings”’ similar to those before mentioned. 
The upper part of the mountain was covered by the massive lava 
pieces of dark colours, which completely hid the lighter materials 
ejected out by the eruptions at the end of the preceding year ; 
the new maximum block, found at the Muken-dani, being about - 
3m in length. In spite of the extraordinary explosive activity, 
then, the crater bottom was, in 1913, on the way of being again 
depressed back. Further, a marked feature of the Asama-yama 
activity in the same year was the extremely small number of the 
non-eruptive earthquakes originating from the volcano. 

135. Condition ‘of Asama-yama in 1914. According to the 
accounts of Dr. I. Ishiguro and Professor A. Tanakadate, Mr. J. 
Nishizawa, and Mr. H. Kurosaka, who ascended the voleano this 
year respectively on May 27th, June 21st, and July 26th, the 
depression of the crater bottom is steadily continuing; the 
depth at the east side being, in the estimation of Mr. Nishi- 
zawa, being nearly 80m. Coupled to this fact, both the seismic 
and the eruptive activities of the Asama-yama have suffered a 
considerable reduction in the course of the present year so far. 
Thus, in the tromometer registers at Yuno-taira, there were, 
between May Ist and July 17th, (1914), altogether 13 non-eruptive 
voleanic shocks and 19 eruptions, of the latter only that on May 
Sth being strongly explosive. The smallness of the activity of the 
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Asama-yama in the time interval under consideration will be 
realized, when we remember of the large number of the violent 
explosions in 1913, or of the Yuno-taira tromometer registrations, 
which amounted to 878 non-eruptive voleanic shocks and 577 
eruptions in 1911, between June and October, and to 687 non- 
eruptive shocks and 1,111 eruptions in 1912, between May and 
October. Turning our attention at large to the recent volcanic 
manifestations in the different parts of Japan, we notice that, the 
Yake-dake, the O-shima, the Kirishima-yama, and the Sakura- 
jima, which made marked eruptions after (in the case of the Yake- 
dake, before) the commencement in 1908 of the activity of the 
-Asama-yama, have all now already been brought to end, and, 
from various circumstances, the Asama-yama itself is to be sup- 
posed also to be on the way of settling back to its ordinary 


condition. 


July 1914. Tokyo. 
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THE ERUPTIONS AND EARTHQUAKES OF 
THE ASAMA-YAMA. V. 


(Lists of the Volcanic Disturbances instrumentally registered at 
the Asama-yama Seismological Stations, 1913 to 1916.) 
By 
F. OMORIT, Sc.D., 


Member of the Imperial Earthquake Investigation Committee. 
‘ 


The tromometer observations at the Yuno-taira (Asama-yama) 
seismological station has been carried on during the six warmer 
months, May to October, every year since 1911; and the lists in 
the following pages form the continuation of those contained in 
Volume VI, No. 2, of the Bulletin, giving for the Asama-yama 
disturbances, during the four years 1913 to 1916, the date, the 
time of occurrence, the duration of the preliminary tremor, the 
maximum double amplitude,* and the total duration of motion. The 
principal instruments of observation were the same as those used 
in the previous years, namely, a horizontal pendulum tromometer 
and a two-component portable horizontal tremor-recorder; the 
record being taken on the smoked paper whose rate of displace- 
ment was usually 1 to 2em. per minute, but on several occasions 
was increased up to 5 to 7em. per minute. The orientation of 
the tremor-recorder, of 100 times magnification, was sach that the 


“For a greater portion of the 1913 observations (‘Tables Is and Ic), the statement of’ the 
maximum motion of the eruptive shakings is restricted to the longitudinal component as indi- 
cated by, the tromometer, on account of the great number of the disturbances in question during 
that yerr. ; 


* 


two pendulams registered respectively the movements parallel and 
normal to the line joining the place of observation with the centre 
of the volcano, or the apparent longitudinal and the apparent 
transverse vibrations assumed to proceed from under the crater. 
The tromometer, of 200 times magnification, was set up so as to 
record the former component motion. 

As before the Asama-yama disturbances are divided into two 
distinct classes, namely :—A-type motion, or the volcanic earth- 
quakes not directly accompanied by an outburst: and B-type 
motion, or the shaking of the ground caused by an eruption. 
‘The A-type earthquakes consisted of quick vibrations and were 
generally very short in duration; while the B-type shakings were 
composed of slow gentle movements and comparatively long in 
duration. The numbers of the disturbances belonging to these 
two classes are as follows :— 
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iacs (A); Earthquakes. * (B): Eruptions. ay 
abr Wou Nc oneitde lth Unteltss | ast, Bee paces CFS GE Be 
1913 6 28 34 25 (LOL 4 7126 7160 
1914 if oF 48 M) 30 ol 79 
1915 44 65 109 0 0 0) 109 
1916 64. 165 229 0) 2 ™ | 231 
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It will be observed that the eruptive energy was greatest in 
the year 19138, the number of the outbursts amounting to 7126, 
of which 25 were strongly explosive. In June, July, and 
August of that year the violence of the eruptions was such that 


_ ™*. Earthquake shocks whose origins were appreciably distant from the Aone are 
not included in the tables. 
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the lava fragments projected from the crater reached, or even got 
beyond, the ground of the Yuno-taira observatory. Consequently 
the observation had during the subsequent two months to be 
carried on temporarily at the lower and safer locality of Ashino- 
taira. After May 5th, 1914, there has been no strong outburst 
of the Asama-yama. The A-type shakings or earthquakes, which 
‘were very few in 1913, much increased in frequency and intensity 
in the two years, 1915 and 1916, when the Asama-yama made 
practically no eruptive manifestation. 
The position relative to the centre of the crater mouth of the 
two seismological stations of Yuno-taira and Ashino-taira, both 
situated on the Komoro, or W.8.W., slope of the volcano, are 
as follows :— 
Height Difference. Radial Distance. 
Yuno-taira : 580m.; 2300 m. 
Ashino-taira: 1130 ; 4850 


According to the latest (1912) Military Survey map of the 
Asama-yama district, the height of the mountain top is 2542 m. 

As formerly I must state my obligations to Messrs. J. Nishi- 
zawa, J. Kambayashi, J. Tamra, T. Ushiyama, M. Kawazoe, and 
K. Yoda, of the Nagano Meteorological Observatory, and to Messrs. 
T. Kato, 'T. Toyoda, and H. Krosaka, of the Seismological Insti- 
tute, who took part in the Asama-yama observations with con- 
tinued zeal; the three last-named gentlemen having also carried 
on the extremely laborious work of calculating the elements of 
motion of the numerous disturbances. 
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LIST OF THE ASAMA VOLCANIC DISTURBANCES 
INSTRUMENTALLY REGISTERED AT THE ASAMA-YAMA 
(YUNO-TAIRA) SEISMOLOGICAL OBSERVATORY. 


MAY 1ST TO JUNE 20TH, 1913. 


[A].... VOLCANIC EARTHQUAKE NOT ACCOMPANIED BY ERUPTION. 
[B]....EARTH-SHAKING CAUSED BY VOLCANIC ERUPTION. 


(2a denotes the maximum range of motion, in micron.) 


Date 
(1913). 


Time 


of 


Occurrence. 


Duration 
of 


Prelimi- |- 


nary 
Tremor. 


Max. 2a. 


Longi- 
tudinal. 


Trans- 
verse. 


Total 
Dura- 
tion. 


Character. 
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Time Duration Max. 2a. Total 
Date of 
of Prelimi- : Dura- Character. 
(1913). nary Longi- Trans- 5S 
Occurrence. Tremor, | tudinal. | verse : 
MAY sec. a B sec. 
28 8 07 13 p.m a 1 1 64 B 
29 10 44 12 am 0.16 98 76 90 B (Strong explosion.) 
30 6 56 O7 p-m — 1 2 137 és 
JUNE 2 0 10 45 am —— 1 — 30 x, 
” 0 20 21 29 “iad 1 aie “<7 oP) 
* 0 04 486 ,, 2.5 2 2 Bla le 34 
5 A328), 0 32 18 14. | A (Sensible shock.) 
"f 11: 00°22... 0 12 14 3 es 
i 11205507"... 0 22 42 7 - 
ms CEOs Or 0 8 — 2 % 
Ba 1126.02" | 0 16 8 2 ee 
13 1020971 Tes. 0.6 59 15) 12 A. (Sensible shock.) 
ee 717 21 pm 0.6 9 — 4 Bp 
%, 11401416225; — 20 ibs: 72 B (Strong explosion.) 
14 415 49 am 4,2 2 2 io 6 
16 9 13 44 p.m 0 94 66 55 A (Sensible shock.) 
17 10 47 41 «CS, 0.37 110 93 120 B (Very strong explosion.) 
18 6 21 03 am ate 30 23 113 B (Strong explosion.) 
20 406 47 ,, — 25 20 94 B (Strong explosion.) 
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(YUNO-TAIRA) SHISMOLOGICAL OBSERVATORY. 


JUNE 21ST TO AUG. 3SIST, 


I91S. 
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LIST OF THE ASAMA VOLCANIC OUTBURSTS 
INSTRUMENTALLY REGISTERED AT THE ASAMA-YAMA 


ALL THE DISTURBANCES CONTAINED IN THIS TABLE WERE OF THE [B] TYPE, 
BEING THE EARTH-SHAKINGS CAUSED BY VOLCANIC OUTBURSTS. 


(2a denotes the maximum longitudinal motion, in micron.) 


Date (1913) eee Total Date (1913) eer 
and ‘Time of | Prelimi- 2a. Dura- and Time of | Prelimi- 2a. 
Occurrence. nary tion. Occurrence. Day, 
Tremor. Tremor. 

JUNE 21 sea. i sec, JUNE 21 REO i 
2-07 32 p.m. 1.4 il 16 6 50 31 p.m. = 1 
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2.30) O20" 55 —- 2 23 TH Bl Bley op 1 
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oie SEO ames, 3.2, yD 32 9 ADA INS) oy 2.6 1 
AO Oars 1.9 1 23 Hera oars, US 1 
otis) ale — 1 30 at Au UNE ap — 1 
ea Wa ie a 2.1 2 27 On Omens — Pe 
AL ANIL aS — 1 28 tte Be 5, all 1 
Absa, a il — SO BB 3.4 1 
44105 ,, 1 56 S.06 5 ie.,, al 1 
wn 44 aS). — 1 — Sy dee XS Oe, 2 
4 45 30 ,, — a — 8 15 30 -,, — 1 
A Als, UO) op — 1 56 Se 19 S35. ;, 2.4 il 
4AY43°38 ,, 2.3 1 35 i) DAY ES) 2.4 3 
4 56 07 ,, — 1 27 iS) DPA ite, 2.0 1 
4 58 55 ,, — 1 — a 235. 0857); 2.0 1 
45910 ,, 2.0 1 33 CG) OR bE) — 1 
J ES BW ap aa 1 A5) Se20,000".- — 1 
5-05 14 ,, — 1 — re -49 Jae: 5 ee 2.0 1 
5 05 34 ,, a 1 50 Seole oleae: — 1 
fy OS<11L 5, 2.5 1 30 Se BS) ae Det 1 
SLL 04-5. 2.6 1 39 $230 02753 3.0 1 
B14 BIO) ay: —- 1 46 SeoGe2 Omer — 1 
59 Btst atl hs = 1 40 Sno (osm sae 1 
618 04 ,, — 1 29 8 38 06, — 1 
6 36.20%. — 1 31 SoA. 3008 = 1 
6 49 59 ,, — 1 16 8 44 24 ,, — 1 


Total 
Dura- 
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sec, 
iW. 
45 
ark 
98 


31 
40 
18 
o4 
17 


22 
34 
36 
36 
24 
46 
29 
58 
24 
27 
28 


24 
32 
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Date (1913) gis Total Date (1913) ea Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. i tion. Occurrence. mary tion. 
remor. Tremor. 

JUNE 21 sec. be sec. JUNE 21 sec be sec, 
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8 46 56 ,, -- 1 20 9 48 38 _,, — 1 14 
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8 54 41 ,, — al 21 GeoGr > ae aa 1 a he 
8 55 27 =, 2.2 1 28 10°00 475.3 — 1 26 
8 56 28 Coo, 2.0 1 27 10°08 14150 — 1 24 
8 57.28 _,, 1.4 1 me 10 08 38 L:. 1 23 
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8°58. 05 “4, 2.0 1 18 10 22 05 _,, — 1 25 
S100 21.5; 2.0 1 28 10 24 05 _,, 2.4 1 31 
9.01704) “4, —— 1 26 10 25 02 ,, 2.1 1 24 
P1009: 25-5; 3.1 1 21 10 25 55 a, — 1 15 
O115 365, or 1 29 LO 29 53> e = 1 29 
ot? vey Looe, 1.6 1 26 10 30 38 ,, eee 1 21 
P13 1658 1.5 1 30 10°33 51-,,, 1.3 1 20 
9-14-07 4, — 1 39 1056.17 2 6. 1.3 2 31 
915.269 5. 2.0 1 43 10759 750.8 | 1.4 1 30 
a Re ree ect — 1 29 10°42 18 ,, — 1 16 
O19 46" 2.8 1 25 10 42 54 ,; 1.0 1 27 
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2a, Dura- and Time of | Prelimi- 2a, 
tion. Occurrence. rane 
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remor Tremor, 

JUNE 23 sec, BK sec. JUNE 23 sec b sec, 
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Duration Duration 
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(1) Strong explosion; the transverse max. 2a=‘41y. (2) Strong explosion; the transverse max. 2a=30u. 
(3) Strong explosion; the transverse max. 2a.=30u. (4) Strong explosion; the transverse max. 2a.=75y. 
(5) The transverse max. 2a=3u, Two unfelt A-type disturbances, or earthquakes of the volcanic 
origin, occurred respectively at 11.20.52 p.m., on the 26th, and at 6.23.35 am., on the 28th, the elements 
of motion being as follows : — 
1st eqke: Dur. Prel. Tremor=0.0 sec., Total Duration=10 sec., max. longit. 2a.=64wu. 
2nd eqke: Dur. Prel. Tremor=0.6 sec., Total Duration=18 sec., max. longit. 2a.=38u. 
(6) An explosion accompanied by a loud dull booming sound: the transverse max. 2a.=44u 
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O351.06"—., 2.4 1 ate, ie oleOsme 1 18 
() 5b TI ee — 1 24 iby AS — 1 23 
Unoonlge. — 1 29 32-06% 5, — 1 16 
Wtete (U0) 8 oe 1 27 IL BY Bye Fe 1 16 
OnsGn4 2a — Ai 14 ean 4 as 6.9 Z 39 
Ose 05> -,; oo 1 — LS ROONNs == 1 24 
ote Lowe. pe Tl 1 19 i BYE Ste — ul — 
Grama. — i 17 i BY Bye — 1 — 
0 40 16 _ ,, —— i 16 iL Bis Ose 2.8 it: 24 
0 42 00 ,, ers if 17 ioe O(a. — 1 24 
(a4 secon Bee 2 31 Feo oOo — 1 17 
0 44 26 — 1 15 eae O0ne sy — 1 31 


939 F. Omori : — 
Date (1913) Ae ope Total Date (1913) | ee Total 
and Time of | Prelimi- 2a. Dura- | and Time of -| Prelimi- 2a. Dura- 
Occurrence. Teemoe. tion. Occurrence. Tene tion. 
JULY 6 sec 0 sec. _ JULY 6 sec he sec 
1 39 86 am. — 1 19 °2 10 14 am — 1 — 
140-25 5; 2.5 il 19 210: 80° & 1 — 
1-40 48° ©) By al 1 35 2.10 495% ~- 1 — 
1.42 15° 4, fo 1 13 Qt Vis 1.8 2 43 
£42.29 §, —- th Zit 2512205" 3.5 1 57 
1z43° i OS 1.9 1 22 2°14 216) ee 2.2 1 24 
1 44.20 ;; 30 2 29 ZL DL 2ee — 1 13 
146 29 &, 24 ib 29 2 15:47 2, 3.8 1 34 
Hay Otek. 2.8 1 19 26°30" & — 1 — 
IAS O55 £; _ 1 20 216 40 5, 2.3 1 a7 
LAS 6S. -),, = 1 25 2017 327 8.3 oe —= 
4.49 44 0; — 1 — 2elo 0s) 4e — ik — 
1250 D3. Be —— 1 26 2518" Tbae, — 1 —_ 
251 19 oes — 1 19 216° 240" — il 26 
152: 03. = —- i 22 22419 45.5, — 1 — 
1252 255 —— i 20 2520 00 OF 3.2 ib 24 
1-52.54 £, ao 1 24 2:20°36.%, 5.2 1 26 
154 41 ., —- 1 24 O31 tee — fl: - 24 
d-bD ‘47. &. —- 1 13 22218 oe — 1 29 
io56. 03 &; — 1 — 224-02 5, 0.8 1 35 
beet = — 1 — 2724 42 — 1 26 
i256 46> 5: —— 1 21 2225 40." & 2.9 1 — 
175s va: — il 20 2 25 bi. 4, — 1 — 
1 D7 44" © — it 21 2.26%. &, = 1 — 
1-759) bo. .E- — 1 — 296 44 | -— 3 — 
ik: ae USED 53 —— 1 20 2227-00. & —- 2 — 
159 22 ee — 1 3y5; 2227) 215 —- 2 — 
2:00:47" 5, 2.3 1 24 2027 So, Bs -—- 4 — 
2201 21° & — 1 14 2Go 1 bd. & — 4 — 
U2 4o. — 1 21 2.28.26" & — 1 — 
220322 5. 2.4 1 ass 228 435% 3.2 1 29 
203 20 ok. — 1 33 S020 = Ee — 2 — 
2105. 32 — 1 26 2729 3S) — 1 23 
2506 BOE: Dal 2, = 2.30 .28..6, —— 1 25 
206 47 — 1 28 BtS1 Bose mos 2 39 
207 Al B. — 1 — Zoe 1505, — 1 13 
Ze 1Oo 8 me — 1 DL 2133 16". —- 1 14 
BLOStwo20 ie Dial 1 aii 2°33 p> & — 1 29 
209 Aa F — 1 — 2.34 2S" @ —— 1 — 
2.09 54. &. — ve — 2154.42 6 = 1 a 
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Date (1913) ts ree Total Date (1913) Pees Total 
and Time of | Prelimi- Qa. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. Teed tion. Occurrence. Be ue tion. 

JULY 6 sec MB sec. JULY 6 sec. M sec. 
2 35 00 am. _- i 15 3 10 21 am. 1k3 ie 14 
2 35°59) %,, — 1 19 Se L044, i 15 
2% 36 24. =, — 1 — Sta este? ie 1S it 23 
23651 *,; — 2 — Sal4 lk FS — il Pall 
ote im,, — il a hg eae ae — i 10 
a ot o4e,, — 1 19 bol Gel Gee. a 1 15 
a a0 U2 %,, 1.6 2 — Oris OOF, oe 1 15 
Doula’ yy. — 1 18 oe LoreOa 1.8 1 23 
es 38 53° *,, — rT —— SDT he = 1 29 
Dead 20m... 5.8 2 36 0) PAU i) — 1 _- 
2. 40°25. ~,, — a 29 Sy Bis) OME Ge — 1 — 
2 40 58- ,, -— Le — BY Die). TB ae — if 19 
ME Was = Ie _ 1 — os GUsSoO. fF, 2.0 2, Pas) 
2414? eS — i SROomUom. — 1 24 
241, 54 4,, 3.2 pad 43 Binpayd A305) Be = 1 17 
Oo 49°44. ),. a 1 19 SOOM OmEE. — 1 14 
43 2h 5; — i 16 3.34 02 ,, —— 1 26 
De 4a Le _— 1 14 Son 40 ., = it 13 
245° 10753 — 2 — 8) Bye) OO 4 oost 1 21 
Dea moo meee _- 1 30 Se 56-09 =, — 1 16 
DE AMES THOS a —- 1 =— 3) AD) (uh s&s = 1 3 
o 46 28% —,, _ 1 — pea LO 5s ao 1 13} 
mest (Osse ool 2 — Dee Iie = tt Lg 
2 45-06 «:,, a i — nn Le — al 14 
DEAS 3S 4;, — 1 13 3 44 24 °,, — 1 25 
W493. 4; ao iL 26 pedomouet:, — 1 -- 
G0 209" 45; — 1 — anh 44 a, — 2 —- 
Oy aN a De ae iS 1 16 3 46 06s, — ik 22. 
Dados, — 1 138 3) AUS BY) & — il 23 
op bd: 09.54;: —- 1 13 On te 04: 8,5 — 1 oil 
DeOgeOS ahs aa 1 — SAO Some: — 1 11 
269 (14 5,, — al 22, aRoU elo ws — 2 3 
oy 00854. £,. --- 1 18 Deol 54.,, — 1 alive 
wl 730 2; — 1 13 By ti) (OEE oy — Hage ~- 
3 03 00 =», ~- ail 15 ono OmEr — pe — 
3 04°43 J,, —- 2 28 my ee Ab — i 49 
SUS oo ie -—- 1 15 ere) Bh, Be — 1 p14 
on OOn OU MES. i 1 Wis BS goer ah — 1 13 
5 AN ek —- i 21 By jy, We — if 20 
oe Ue oO (mee as 1 14 On OM Ons: — 1 23 
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Duration Duration 


Date (1913) of Total Date (913) of Total 

and Time of | Prelimi- 2a. Dura- and Time of | Prelimi- 2a. Dura- 

Occurrence. - mary tion. Occurrence. aUEY. tion. 
remor. Tremor. 

JULY 6 sec. be sec, JULY 6 sec be sec 
3 56 45 a.m — tl 23 VA 27 38 2m. ae 1 ao 
oii 14. %, 1 33 £28 AS oa — iL 25 
DI9 20a ee 2.6 2. 43 CMDR heyy 22 — 1 35 
A200 sia: — i 22 A. 30 17, = 1 21 
4 00 44 ,, — 1 — 4°30 59 —, — 1 — 
401 00 ,, B38 2, 36 Ey tas Ge op — 2 23 
4:01 45, LAC 1 15 AeS) 51 © — 1 = 
402 16 ,, 1.7 1 — 4°32 17. ,, Jas 1 — 
402735 oe, — 1 20 ABD. 3Y == iL. 27 
4°03: 10 25. 2.2 2 22 4 33 09 ,, == 1 — 
A-04 17-4, — 1 — 4°33 25. —,, a 2 31 
4 04°37 .,, —— ‘tt — 4 34 07 ,, 3.9 2° 30 
4 05 00 ,, — 1 — 4 34 59 ,, se: 1 — 
405 15 ..,, — 1 — 4-0 13-3. 2.6 1 31 
4 05 81. ,, —- ik 251: 4 36 08 _,, a 1 14 
4°06 59 7s, — 2 29 4°36 82 5; — 1 14 
408 59 ,, — 1 25 4 37 36 _,, = 1 24 
409 28 ,, — 1 21 4 38 11 ,, 1 — 
410 57. ,, 4.5 ig 36 4 38 22 ,, 4.3 1 31 
413 35 ,, 1 30 Avo 7 ae. — L- — 
e814 1 pe, 3.8 1 23 439735 05: a= 1 — 
41449 ,, — 1 ey 2°59 Dona, == 1 AG 
415 28 ,, — 1 25 440 45 ,, — 1 — 
4°16 ST — 1 26 A 41°02. @ = 1 oe 
AAT We aoe. — 1 = 441° §2-,, =< 1 31 
A120 © &. 1 oe 4 48 12 .,, — 1 ys) 
ANS 27 ; BG 1 29 AAS 45 4, — 1 29 
419 00. ., i 41 4 44 53, =: 1 16 
4220 ° OL: —— 1 17 4 45 32 ,, ali 1 19 
4 20 42 ,, — 1 39 446 27 .., — 1 oe 
422 07 ,, 4.9 2 — 448 42 ,, — 1 21 
4 22 30 ,, — 1 — 449 25 ,, ou 1 26 
4 22 51 ,, — 1 21 45011 ,, 3.4 1 23 
4°23 18 ,, — 1 28 4251 31 a ih 30 
4223°50 4%, — 2 — 4.52 32 ,, — if — 
4 24 17 -.,, — 1 — 4°52 48 ,, — 1 18 
4 24 32 '/,, — af 30 4°55: 01 ,, ay: 1 27 
AG) 34.55 2.9 ib _- 4 55 47 _ ,, 3.4 if 19 
4 26 08 ,, 1 — 4 57 02. ,, 1.9 i 29 
4.26 42 ,, — 1 34 458 01 ,, 2.0 2 34 
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Date (913) re ee Total Date (1913) (ee Total 
and Time of | Prelimi- 2a, Dura- |. and Time of | Prelimi- 2a. Dura- 
Occurrence. ees tion. Occurrence. Beets tion. 
remor. Tremor. 

JULY 6 sec. le see. JULY 6 sec le sec 
4 58 44 am. — 1 18 5 43 23 am. — 2 — 
i590 DO, 3.9 dl 19 th, HYG) ee ~ 1 Bi 
4 59 58 =~; — 1 13 pete, — 1 28 
00> 2502,, — 1 18 par Nasr COT ae — 2 34 
5 00 47 _,, — 1 28 ee Oi. — 1 — 
0 ge. Ie — 1 48 cy bre aay” Se — 1 14 
» 02.38 —,; — Al 20 Db 47 OL~,, —~ 1 — 
5 04 07, es 1 = 54811 _,, me. 1 23 
o04 25 |,, = 1 — 5 48.42 ,, — 1 1 
m 04.505". — 2 — ne4oe ous... — 1 — 
05 252 0,. — 1 27 5 49 24 ,, — 1 deo 
5 06 04 ,, — ih 16 5. 49-55 **,, — tf 24. 
5 09 46 ,, — 1 a OPO Does... — 1 a 
BAO AS 3 — 1 14 SEDO... — it — 
oe LONDSe =... 2.8 Ve 23 & 50°53: ;, — iff 
» 12 Die; 2 il 28 o 51-00. *,, — 1 = 
Oa LaeoG are — af 19 eo let — il 27 
De LG*b2° 73 3.8 th 39 Ou Dome aes 2 os 
Su cae a — iL 33 5 52 51 a, — 1 19 
Oy Seb 4a. 2.8 2 52 Bb 03 24n-, — 1 14 
20M iee,. 27 2 ab meas 0: 52 a ae — 1 —- 
£5 Well (a ar oa a 1 13 5 54 08 sz, — ey — 
5 Dae ae — 1 22. Dio 4ae2 Die — 1 18 
“Pe ohee ie 1 : a ee 1 23 
5 26:08 _ ,, — 1 26 Seow ae 3 — i 23 
DAS Es — i 31 EI DORO DI — 1 27 
Mm 29 Dae, 2.9 1 — By tats (ya -—— 1 — 
mom oe. — 1 — i tyes AUS) fy — 1 23 
Dole’ oa — 1 23 Di Om) tee sy Wee o 45 
DE OOM hss — 1 16 (MUO) OS) ee a 1 33 
Soom tae, 3.4 2 24 Gn 2a20ne 2D 9 25 
Paeay Oa) Olan, 3 — if! ies GeOspetiae.. — 2 — 
im So 000. ,, -- 1 24. 6 04 09 ,, eke 2 — 
& 39-30" ,, — 1 13 6704220 ,, — 4 42 
Sous) pa Be — 1 18 Ga0oL LG a: Dr 2 a 
eames — ib 16 G: Oped. se F — 2 40 
IE Ae. — 2 — (o WOye Sake} — 2 28 
IS WELNE ee —— 1 a 6 06 14, — 1 26 
De Te 1.6 2 39 (OS) Ue — 1 22, 
DEAS, GME, — aL — GeOo RA ame. — i 22, 
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ni She Ga aecanees TDarati ag he : Santis Sn D ‘ a “aa 
Date (1913) peer Total Date (1913) ea Total 


and Time of | Prelimi- Qa, Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. 4 Dery tion. Occurrence. ney tion. 
remor, Tremor. 

JULY 6 sec. be sec. JULY 6 sec. be sec 
6 10 12 am. — 1 -- 6 50 49 a.m. - 1 
OL 28 FoF — 1 — 6 51 41 4, — 1 31 
610 48 ,, — 1 38 6 52 42:33 — 1 13 
6212 ae Bap 2 -— 6 53 24 |, — 1 12 
are dacs r}e 5 — Be 34 615346055 — 1 20 
6 i135 418eae — 1 14 G24 41s a= Be —— 
GAS Al ee ee 4. ao 6 54 58 — 1 say 
6220 te = —— 1 — 6-55.51. |,, — 1 11 
6 20 44°, — ib 20 6 DiGo0see — af 12 
621 «29 — 1 14 6.57 49" | 1.1 2, 24 
622 15 ae “= 1 27 1500 065.5 — 2. 18 
6923-01 5. — 1 — 11c4t — 2 BBs 
0820 23a — 2 By Tin02 lp age — 2 14 
672404 eee — 1 13 102 458 — il 16 
6 26 05 ,, — th 33 10d 02. oe — 1 21 
6227 230 — 1 7, 1 O04 61S — 1 17 
Gi 2Gr Lome — 2 — 1.05 80 3 — 1 14 
6 28 46 ,, — ib — 06 736 cae == 1 24. 
629 O07 a — 1 30 tC OQWISS — 1 21 

20.99 Was 2.0 4 —- AOS TOaEY — ih — 
6 0 1S — il — 71037 28 Sa — 1 a 
6.30 Sone, — 1 — iA 4 — i 17 
Syols01 s —- 1 4 LOST O — 1 13 
6 31 24h “= 1 35 (ale tO say — 1 11 
632519 > 3.7 2 34 1 TL SoG) 2, = 1 15 
B 33506. -3; 2.6 » — 1 APL? oe, — 1 12 
6S ao. wh — 1 20 tpn ee Rares © — 1 17 
oe ait pers ae 2.9 il 30 (is Re ey ore — all 21 
638 26 .,, — 1 36 (aL Ab as — 1 16 
buSO Lo es — 1 24 1 I20 06> — 1 14 
Daou soe es 1.7 1 oo tee) 44 ee — 1 11 
O40c31. Be me —= 74245345 5. — 1 13 
6 40.49 .,, — 2 — Leal oleae — 1 19 
6 A1609 Fs. — 1 17 1.0 (02-3. — 1 11 
6 44 09. «, 1.8 4. 50 tod. OS Ghee — aL: 16 
645 16 ,, aes 1 ae 7 84 40 -,, ~ 1 = fal cts 
6°45 39s. = 1 21 7 3d. 103.4, — if! 14 
) Gey i), — 1 22 TP OORLO. a — 1 14 
6749 “2 gs — il Zo 1256 40 Ge — 1 16 
C50 25)" = 2 — (eye gate — 1 13 
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Date (1913) ue. Total Date (1913) oa Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. Tere tion. ecurrence. Tee tion. 
JULY 6 sec. a sec, JULY 6 sec A sec 
7 41 06 am — ja 13 8 21 57 am — 2 — 
7 46 48 Co, — 1 — S922"06e-,. = 2 =e 
7 47 06. ,, — 1 — O22) Bom, a 1 13 
ee Ta 23e © ;, — 1 — 8: 23: 08 -,, Del Be 19 
1 48:46 — 1 22, S23: 3) —, — 1 16 
749 22 ,, 4.3 1 23 § 25.24 ,, — 1 16 
ew 4.09, == 1 20 is} la) YE a 3 iL 22 
% ole LG6"=,; Onl 1 21 8 26 50 ,, — 1 11 
Teo iO> 5. — 1 18 oy aye Ve = 1 8 
7.53 54 ,, = 1 13 Sa2eoG... 2.6 1 — 
7 54 33..,, — 1 15} oO 27-4AS — gl — 
Eroo. 18ers 0.7 1 8 SEZS aL 3, 0.6 1 — 
bb Blo 3 — 1 11 ro) As) BA) a — 1 12 
lo hs OL = 1 11 3 OURO LN 55 i 19 
1. OVO bere — 1 20 Ome (ees — iL 10 
i) BOER 22 1 = Shoeli(eees — 1 16 
Pte ma ede — il 9 Seon ane — 1 25 
C-bO Li ae 3.4 2, 20 i Gis He onl pe — 
SOL ht ee — 1 — Sioa lees aA 1 16 
SOUP MLO oc, 4.4 4 21 634,02 ”5; — 1 17 
S Us. 03" ,, — 1 14 Gagorouer. — 1 “= 
S 03:23: -, — il 16 Sr oem: — 1 12 
Si 042035 75 — 1 22, 8 38 04 ,, ore 1 — 
S044 Bell 3 — Shookaol” — 1 12 
to) Ose dre re — 1 - S 39 38"); = 1 as} 
& 0be29 7 5, oe 2 = Se40no2e =— 1 24 
§ 05. 44 —,, — 1 = O4ig lone — ji — 
8 06 O7 ,, — 1 22 is) hl Gi) ee — il 19 
on Oa bome 1 12 OL omoome ass iu 14 
8 095 542 es, — 1 18 Seoul ome == 1 19 
Se lOs26m0,s 29) 2 — SS) Ab YAS) = i} 19 
Ste Aine. — 1 15 Seligo laa — 1 --- 
3 12,465 >; oD 3 on 8 48 06 _ ,, — 2 — 
rs) i) 2.8 2 22 8 43:24 ;; == il — 
8 14 35 -,, — af 25 8 48 36 —,, os 1 12 
Oulbmoouess — 1 8 sas) Se — 1 ig 
eae) TS ERy. apy 2.9 Z Toe oy 2S) hg — 1 14. 
S 20.14 <5, — 2 -— moe Ores = a i 
fo DADS BBR? —- 1 20 toy lle 0X8) 2.6 Ah ys 
8 21 27 2.4 i 20 is) all Ze == 1 13 


Date (1913) Aa ie Total Date (1913) i Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- Qa. Dura- 

Occurrence. Paae tion. Occurrence. nary tion. 
remor. Tremor, 

JULY 6 sec, be sec. JULY 6 sec. Bb sec 
8 52 03 am — iL 12 ~9 40 36 am — 1 —— 
8.52 44 | a 1 11 SAD) 18's g — el. 20 
's) ajasteh | 5! — 1 — 942-50 oe — 1 — 
S204 eG iar, — 1 17 9. 42 AS ee — 3 — 
Seo DML Ome — 1 iW 943° 1b 22 — 3 — 
8156 55 = 1 ~ 943 45 5, — 2 = 
8 56 41 ,, = 2 = 9744-141 — 2 = 
8) Sy OY 5 — 2 14 9.44 86° 3 — 1 — 
Soo 12a — ik 12 9 44°56 = 5; — 2 — 
ey fits) 445m = 5, — ib 15 014 12S — 1 13 
8-59 ive, — 1 13 9.45 40 | = * = 
O700 267 = ik — 9 46 0103 — ul — 
9 00 44 ,, 4.3 2 22, 9 46+287 75, — 2 26 
Oat 29 ae 2 = 9 i Ole — 1 — 
Oa 7. 50 x — 1 15 9 47 58 4, — 3 54 
OSL9 OO e — 1 = OAS LD we. —~ 2 — 
On Oe — 2 = 4) ABO alle 5 — 5 — 
COLORS laa 1 14 §$ oles | — 1 — 
O22 1-18) ee 2.6 8 45 2 Dl To Se — 1 —- 
iB) DR VRSy 5 i 13 9: 52.20) -—— — 
SS) BAAR SBOE — 2 23 9 b2 44° — a — 
Or Dasa 55) 3 — 1 12 9752 piles — 1 19 
GEE ALS — 1 13 Y “53 125 ce: -—— il — 
9°26 42678. — 1 15 9-53 DUPE. — 2 — 
OST NOR. — it 11 Jeods Lt ae. — 1 — 
Oh ONG LIE we — 1 17 Sa eal hae = 1 — 
O35 05 a — 1 19 Jio4 be oe. — 1 20 
929 oy ae = ik — 10-06 20.98; — 2 22, 
SY PM AAS — 1 13 1007 13s — 1 18 
O53) 32 ae — 1 — 10508 4L1G 5, — 4 —~ 
i) lO ay. — 1 18 10 08 58 _ C=», — lt -— 
iS) S331 Shs) © 5p — 1 28 1LOZ09 20s — 1 — 
9 34 09 ,, = ik 14 10209532 ee — 2 — 
O5o4) eee — lt 14 TOU O see —— 1 15 
DESb Doe. — 1 16 LORE OO sr — 1 ab 
5) atepa OG a — 1 14 TORUS OLFe; — L — 
eo.) meee — 1 13 10M13 25 — 1 15 
OR38 p20 ae — 1 — LO 14426" — 1 —— 
ORO oe -_— a: —- 1015.03) «;; — 1 13 
ORB 059: ee — 1 LS 10.15 46..,, — 1 13 


a L,O,Q, 


Date (1913) 


and Time of 


Occurrence. 


16 
16 
17 
17 
18 


18 
19 
19 
20 


JULY 6 
95 a.m. 


50 
il 


45 


09 


26 
19 
57 


Duration 
of 
Prelimi- 
nary 


Tremor. 


Pa a el ol OS 


fat fe ed fet ed 


oe 


— 
Date (1913) 
and Time of 
Occurrence. 


Duration 
of 
Prelimi- 
nary 
Tremor. 


Zou 
Total 
Dura- 
tion. 
KM sec 
1 a 
7. et 
1 — 
a1 16 
1 13 
1 17 
1 ae 
2 me 
2 or" 
7 u4 
2 42 
7 wy 
2 = 
1 ze 
1 ae: 
1 ae 
1 AE 
1 Lb 
i 16 
| as 
1 22, 
1 2 
2 28 
i 14 
7 = 
3 as 
1 18 
1 15 
1 — 
9 ba: 
) Ey 
1 ae 
1 14 
1 ug. 
1 et 
2 22, 
2 En 
4 71 
1 = 
1 as 
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Date (1913) yan Total Date (1913) eee Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. cine tion. Occurrence. ens tion 
JULY 6 sec. Ke sec JULY 6 sec nm sec. 
11 31 47 am. 1.2 4 —. “0 03 LI p.m. — 1 28 
iE SP as. a D — 0303 Fi 2 —— 1 ay 
tk SY EOE Ss — 1 — 0 04 46 =a, = 2, — 
17:34 48 5 = 1 —— 0 05.17%. 5 —— 1 32 
115 10. 2 — 1 — 0 06 59 4, —— 1 31 
If Dp. 39) a 1 — 008 17 ,, — ik 28 
1136 0775 — 2 — 0 08 52 5, —— 2 —- 
1136 47 — 4 — 0:09 05 3 oes 1 19 
iro Of. 8 = 1 22 0390 09 4, oa 1 17 
14-37 44 ee — 1 — U1 OO ea — 1 —- 
g3°-38 11 = 1 Ls Opes 9 ae —= 1 17 
149359, 467 5 — 2D Ar 021343: ie — i 18 
1140 35: 2 = 2 = OR SSmer — 1 12 
13-41: 37, -F = 1 28 014 44 ,, — 1 19 
1242 0675 = 1 aL) 0.15 40° — 1 31 
1143015 os = 1 24 OGLG. 25a = — 1 19 
11 45 49 45, — 2 Dil al Regia oe — 1 — 
11v44-47, 3 =— 1 21 O27 845.98 — 1 — 
11.45 54 5, = 1 19 018 06, tas. 1 31 
dis46 2644, — 1 18 0 20 44 a, — 1 23 
11 47 50 ,, — 2 — 0 22 04 ,, — at — 
11435 207 3 = 1 — 0122 633" & — iL ol 
Li8 33. 4; — 2 — 0 24 00 ,, — 1 17 
1148 255" — 1 — O i244. — 1 18 
11.4910 § — 1 — 0. 26 43 ~., — 1 14 
11.52 33 5 = 1 foe 0 27°59) & is 1 14 
11 52 48 ,, — 1 a 072907405. — 1 16 
11,53 04° ,, = 1 — OBO 371s & — 1 = 
11993" 25" 3 = Dh 37 030.239 4 = — 1 24 
TEL yh Big) 1 — 1 29 O31 48. 5 — it 116 
Lipo. — 1 27 (ito D veda ee — 1 213 
UOT S38.) Ze = i — 0.36, 000s — 1 ie 
cS ee sr As se — 1 28 0.41.32 > — 1 12 
141 708+ 20 & 35 — 2 — O42 Zoe — By 26 
11758, 43 ~ 5, — ik 24 0°46 22° 3 — 1 15 
17°59 41 — 1 — 0°48: 13 5; — 1 tt 
0 00 00 p.m. at ll 22 Gib T2358 — 1 13 
0701 49 . 3, — 2, — 1 06 45. .., = 1 — 
0 02.10 ,, — af 17 102 — 1 17 
0 02 51 — 1 — LOS: 13a — 1 14 
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Duration Duration 


Date (1913) a Total Date (1913) of Total 

and Time of | Prelimi- 2a, Dura- | and Time of | Prelimi- 2a, Dura- 
Occurrence. ae a tion. Occurrence. mee tion. 
JULY 6 sec. bh sec. JULY 7 sec. ue sec, 
1 12 45 p.m. = 1 16 4 45 41 am = leo) one. 4. 
LAAT aS) Ee — 1 17 4 462165 ,; 2.9 Ye 37 
zor Ove 75 _ 1 13 5.23.45 ¢,; 1 ie 
1 Ay a ee — 1 12 5:25.56 ~,; = 1 et 
138.512, — 1 11 5-24.09 -,, = 1 13 
1.43 43 ,, — 1 i3 iy Ds) (Q4E oe — 1 an 
ie (5p) 2g) ee — 1 12 5 25 20 _,,; 2.8 1 20 
even ta’: — 4 44 oo 2O0eL0" ,. — 1 15 
2 09 44 = ,, — 1 12 5 26.28 -,, 3308" 1 iy 
214 50 ,, — iL Sos 5) DAG ANS) 3.0 1 30 
Asie 15%) 4, — 1 12 (5) Darl Fee. — ft — 
D285 x5 — i! 13 [5 Dike) Duk — 1 32 
2 oo 20, — 1 13 Syed OAD) ae — i — 
Fa Sars apo Maa — 1 12 5 G35 .;, — 1 31 
Bao 2TOWee — 1 12 Draa eo — 55 _—. 1 —- 
3 oO 08 5, — 1 1155 Droge (a7, 1 37 
my Gis) ee) — 1 12 ee Whey 2. 2.8 1 — 
Zi vajey (ONL — 1 — Snot 24 !,, — 2, eee 
AE BAGS BH) ne — 1 14 Whou oes. 2.0 1 22, 
Ab GES) ay 1 13 p47 06) -, 1 — 
Ame Sens, — 1 13 i Zr ak ge 2.9 1 — 
A yO ae 5: — 1 —- Op 4 Gao4ee s — 1 — 
ALES) AUS) — 1 13 Br 4 GOs, -- 1 — 
Ae) mee — 1 10 5 48 15. ,, Bt 1 35 
ih te. Fie) oe — 1 12 5545... 9.5 1 28 
eA ae) (eee — 1 13 SOvoD me. — 1 13 
ep lGue., — 1 ial 5 A) GEE a — 1 16 
ay 5) DLE — 1 14 GE00R5D 0m. By il alge 
Ge Ole ie — 1 13 (3 (Oi) Te S = i 2 
TOS S629 0 — 1 29 Gn LORO4e Sed 1 20 

JULY 7 

0 03 05 a.m — 1 — (mUSEoo — 1 12 
OcOseZ50e., By 2 61 Tf BO hk 3 ee. = 17 120 
0 09.03. se, 4.5 1 13 6 15 21 pm.@, 4.8 3 48 
(i) ah TE — 1 23 SLO ames: 2.3 1 — 
Ay SON O2™ os 5.0 1 30 3) GO) ON oe 1 37 


(1) Strong explosion. 


(2) The transverse max.2a,=2u. 
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Date (1913) sarge Total Date (1913 ) 2 Sra Total 
and Time of | Prelimi- | 2a. Dura- | and Time of | Prelimi- 2a. _| Dura- 
Occurrence. agenctd tion. Occurrence. pary, tion. 
remor. Tremor. 
JULY 7 sec. BK sec. JULY 12 sec. b& sec. 
D656 p.m) Ba 83 240 1 44 57 pm. 2.5 1 17 
JULY 8 TAs ib: ¢ 3.4 1 25 
5 25 24 am.@) —_ 103 240 4.48 27 ., — 1 20 
b 2914105 = 1 14 5 08 00 =", 24 1 20 
5 30 40 |, = 1 — ay STS LO — 1 19 
Dap lolD) ee == 7 — 5pl. 40. 3 = 1 33 
6208-10 7 — 1 25 JULY 13 
B12 07) 3 Bt 1 16 7 26 13 am — 2 48 
6 22 22 4, 1 — 4 01 19 pm©) 0.67 123 138 
6:26 38. 5, 4.4 if — AZ0D Sime, 4.7 1 JOT 
8 21 56 ,, oo 2 — 4 08 20 ,, Bn iI 24 
B22 21° 5. — of 35 JULY 18 
8-23 32 2, — 1 — 2 08 34 am.) 0,29 116 148 
8 24 37 ,, = 1 47 241 Sie — 1 — 
$726 04° = 1 — 212 EO 5 5.3 3 — 
Beeb aa pees 2s 1 47 el ORV lt is — 2 30 
8-31 47 4, ane i = 9250, 03". 0.6 3 13 
sa ble ae 1 — JULY 19 
8 34 04 ,, — 1 — 4 14 32 am. 2.4 3 43 
654-29 5. a 1 41 0 54 08 p.m! 0.48 127 140 
JULY 26 
2) ibe) 3.0 1 24 8 22 04 a.m. = 1 27 
5 47 06 p.m. 1.8 2 30 9m 1-34 = 2 40 
GA297 26 Ff. = 1 — 
63005 |. aay 1 50 9137550 = = 2 19 
JULY 10 es Bessy i — 2 13 
9 20 29 am. a= 1 16 9914 8° = -—— 2 20 
5.03 17 p.m. — 1 2a Oa14. 44. ie — 2 15 
bw) 16. # — 1 15 4 37 45 pm. —- 2 44 
GAT Bs 2.3 1 16 JULY 27 
Tall bone 2.0 2 16 0 53 52 p.m. — 1 25 
(67 Bae 3.0 1 40 LOt"4> — 1 50 
JULY 11 
9 53 09 am. ae 1 27 1 21 35 5, — 1 — 
JULY 12 1 24 O01 .,,, == 1 
1 34.17 pm. B.D a 20 02-275 — ch 60 
[534 495 2.5 in 20 16384, _ 1 — 
144 48 5, 2.6 1 — 1638 42072: — 1 — 
| 


(1) Strong explosion: the transverse max. 2a.=52y, 
2) *, g a max. 2a.=80y. 
(3) we, : a max. 2a.=72u. 
(4) PA £ Sa max. 2a.=90x. 
(5) Strong explosion. 
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Duration Duration 


Date (1913) of Total Date (1913) of Total 
and Time of | Prelimi- Qa. Dura- and Time of | Prelimi- 2a, Dura- 
Occurrence. peal " tion. Occurrence. Teenone tion. 
JULY 27 sec, b Sec. AUG. 3 sec b sec 
1 39:45. pm pee. at ee STL 10 poly 1 4 
140 01 ,, 2 1 = 8 14 42 ,, —= 1 
#46 29%; — 1 25 Srlb14°*.. — 1 — 
a 248 1, — 1 aye $15 44 ,, — 1 —- 
£248 88°", =e 1 50 Me a = 1 41 
: e Ee 2 ees 1 = 817 09 ,, = 1 = 
0 be) ne 1 r= = 
10 5445 ~ 99 9 37 8 18 5 % 1 41 
11 02 48 on == 1 ated 8 18 54 ” a 1 — 
AUG. 3 GEsuLvL 3,, me 1 os 
741 44pm. 26 1 Ly Sh oH 9: Pt i —— 1 21 
7% AQ D4: |. =a 1 23 Selo l =. = 1 —_ 
7 43 25" 1, — 1 a ey he) ee ae hi oT 
7 44 03 |, — LL —- See eDU Ee i — 1 Ds 
7 AL BS *;, a 1 — Sit 04s.. a 1 28 
7 56 AG: - ,, a 2 25 S$) 2457 «,, ae 1 = 
Toi HO, — 1 — Seve, — 1 13 
NeDONLO ons — 1 -— re) DABS GIO) Be — 2 31 
7759 09). — 1 — is) BAay eke} oe <== 1 — 
00 AA? — iti 13 Om lume. = 1 19 
S102,5k5.. — 1 40, oy pat ee ee — 1 22, 
8 03 48 _s,, ce 1 16 8 2817 ,, a: it 26 
Sr UGELD >. — 1 — SEoUM om: — 1 26 
or Oe 10) ee — 1 — Sw oe) SY gp — 1 16 
rot OM ale * Be — 1 — Sirsa 20, — 1 _. 
SOS 1093 — il —- to) ie) (she) ep — 1 — 
3) Oot S10) — 1 — fet vb ate) as — 1 
eo OS A A — il — 3) tayo) iO) Fe — il — 
Se ae 9 ie — 1 — 8 36 08 _,, — 1 == 
SeLOBL ee, — 1 31 io) Ble) BP oe — 1 33 
oe Lie ies — 1 — Sia el Lies — 1 — 
SHUM ie Hay, le — 1 — Skotos — ik 26 
Sin leat Zanes. — ip -—— is) Gite (BP be — 1 25 
SeL2eLTes:: — 1 — Spooae ora —- 1 sp 
en bt ae. — 1 — eh Gel FB) — 1 30 
Spo one,: “—- 1 -— 8 4054, -— 1 — 


(1) Two unfelt A-type shocks, or volcanic earthquakes not accompanied by eruption, took place 
respectively at 4.56.22 a.m., on Aug, Ist, and at 8.28.46 am., on Aug. 2nd, their elements of motion being 
as follows :— 1st eqke: dur. prel. tremor=0.3 sec., total dur.=14 sec., longit. max, 2a.=23u. 

2nd eqke: dur. prel. tremor=0.4 sec., tolal dur.=24 sec., longit. max. 2a,=64u. 
On Aug. 3rd, the Asama was emitting black smokes almost continuously with force. 
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Date (1913) irate Total Date (1913) at ie 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 
Occurrence. Tee tion. Occurrence. ieee 
AUG. 3 sec b& sec AUG. 3 sec, 
8 41 48 p.m. a ah — “10 15 09 p.m. — 
3 74:2 535 Sy, — 1 — 10.15 37 >, — 
O44 oS" 4, — 1 165 10 16 08 =, — 
6745 18 2 — 1 30 10316 ol 3 — 
S46 10-5, — 1 16 LOGiiaz2o eee — 
9A TIS Ve a 1 = 1058345 — 
9519 438 Se 1 — LOM9V04 ee; — 
9 20 01. ,. = 1 = 1019 20 ,, <a 
9.20 46 ©; — 1 — UG See eS — 
9221225) 4, a 1 — 10 24 26°. — 
922 15b Te, — 1 — 10 25 46 .,, — 
9°22°20 s, — 1 25 10 26 1905 — 
DE2O mee, On, — th == 10 26 44 ., —- 
924 14 ,, — 1 = 10227 “4a. — 
9°24 5d 4, — ik — 10-27 430 — 
9°38 Id .,, —— 1 — 10 28 46 ,, — 
9 38 34° 4, oe 1 28 10729 e190 ee. aoe 
Oe00 (135° a 1 — 10 S31 0625, — 
9239 15 ee. == 1 —— 10231) 53a — 
9445105 32, — 1 28 10:33 53 5; — 
OE O1e,, — 1 46 1O0350- 007ee — 
3301 2055 — Ih = 10336: 17-3; — 
OYOS TTS os: — 1 — LOB alias: — 
9759 (1D a, — a: — 10 35214 — 
EDO Od ee — 1 28 10°38 54 4; — 
10 00 36 _ ,, = i — 10739 23" 3; — 
10 01 27 ,, — 1 44 10 40 00 ,, — 
10.03 OL: — 1 54 1040.29 &; — 
10 06 58 ,, — 1 == 10 41 26 _,, — 
10 08 28 _—7~, — 1 = 10 41 41 =~, — 
LOT05 706 =e, — 1 — 10°42 05= 5, — 
10.09 54 ..,, — i — 10 42.2075; — 
10 104275, — 1 = 10 42 51 -+,, — 
LOL ABD a; — aif — 10743 Qsee. —- 
10g e414 — 1 — 10 438 46 .,, — 
10 312 6, —- 1 — 10 4452558, — 
10 12 42 ,. Es 1 aah 10 44 51, a 
10 ASF01 >: — 1 — 105455502. — 
LO71S 527 aa — 1 — 10:46 03.5; —- 
10 14 26, — - J — 10346031 ae, — 


Total 
2a. Dura- 
tion. 
be sec 
1 ae 
1 ie 
1 ee 
1 pees 
1 awe 
1 Ls 
1 mie 
1 a 
1 = 
1 = 
1 a. 
1 o 
1 S. 
‘| 20 
4 24 
1 20 
1 19 
ai ae 
1 35 
ih ae 
1 == 
if? — 
1 49 
a8 31 
1 15 
1 =e 
1 18 
Pa a 
1 
1 a 
1 LZ 
1 — 
1 29 
1 2 
1 Lae 
1 pew 
1 paees 
it ws | 
4 = 
1 ey 
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Date (1913) eee Total Date (1913) oes Total 
and Time of | Prelimi- Qa. Dura- | and Time of | Prelimi- 2a Dura- 
Occurrence. Tees tion. Occurrence. weanen ‘ tion. 
} AUG. 3 sec “ sec AUG. 3 sec B& sec 
10 46 56 p.m. ES il — 11 08 O06 p.m. — 1 a 
10 47 36, — ali —— IIL (fe; SHE == AL a=! 
1054803 <=; — iL < init (8) Sy 4 — 1 — 
LOPAS. 24. |, — ih — LIS TOSI Le. — 1 — 
10 48 49 -,, — ik — it TO ayer e = 1 — 
10549 S19 ee, . — Il — iad 2Sr 5 1 
10 49 46 _,, — 1 — Tk wpa als) — 1 — 
10 50 24 ,, — 1 — Vetoes, — 1 — 
10550 47; — 1 — EiStosoO — 1 — 
HOPS O03>.,, — il — Mail ib Oey — 1 27 
1OF oh 47. o,, — 1 — 1114 oo", =.= al, == 
10°62) 42, — iL — Tak a) 940) & = 1 = 
10) tase — 1 — islet Omeee — 1 — 
10. 53: 41 ,; — if} — ak AWS CORE == i — 
1 545-2 &,; — 1 — Ge Gane; — 1 os 
LOPS 4 OON.. — 1 — Le 2a: a iL a 
Ozone o4ae — ik —_ eae — 1 —— 
19) ye — 1 — LitSiocne, — 1 -— 
tO 563115 =. — iL --= TIFl9etSae- — 1 12 
NOED6S299 =; — 1 — OMS le — 1 — 
Or 58 "OL %,, —- th — Tal QU) OD) ee == 1 — 
1D tater, tay eae —— 1 — tak OX) 2p — 1 — 
np 5Se48——, — 1 -— EROEO Ts 4; — 1 —— 
HOP SomLDen,; — 1 — pie? 2 Gee. — 1 — 
LORSUROSa, — 1 — Wl Ow ik = 1 16 
LE 00, OF“; — ih 20 ii, Des le — 1 — 
11 00 40 ,, — 1 oan tal Bee ike — 1 -— 
TS IE ay -—- 1 — 1124s Ome: — 1 — 
idl Ou aah — 1 —- ik Biss UW — i! -— 
i ODS29F — 1 =. iis 2554 (ee — il — 
P62 4355. — 1 — 11°26 22) 5, ag 1 “sy 
Tigh MOS a — 1 —- iil GXo) etsy | — 1 — 
ieOss 4 tae, — Al — a beQlee DAO oe — 1 —- 
11 04 02 = ,, aa 1 a 11 27 45 ,, — WA a 
ELO4015 «,. — 1 — 11 28 387 ;, me 1 ee: 
iy 04) 415-3; — it — gis 49) TNS — 1 — 
11) 05 09 «5; = 1 = Te90r 37... a 1 -s 
ete Qor44es. _- 1 — dal Bt SiO), —- 1 — 
ui OOo tans, —— 1 — ah eer OS) — 1 — 
MeO) > Ole —- 1 — ili BYyb Ape — 1 — 
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Date (1913) 


and Time of 


Occurrence. 


Duration 


nary 
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Total 
Dura- 
tion. 


Date (1913) 
and Time of 
Occurrence. 


11 
11 
11 
11 
11 


11 
11 
11 
11 
11 


11 
at 
11 
iW 
a4 


11 
11 
11 
11 
11 


11 
imi 
11 
11 
ims 


11 
11 
11 
11 
Lt 


11 
ital 


11 : 


LE 
It 


11 
11 
11 
11 
At 


35 
30 


AUG. 3 
34 58 p.m. 


24 
48 


ar a ee ee er 


oe 


feet fet fe fet 


AL. 


11 
11 
11 
11 


11 
11 
11 


cos) 


SS Sree Oi op oco SiS aS 5 re Soo ore 


56 
56 
57 
57 
58 


58 
59 
59 


AUG. 3 


90 p.m. 
BOTs 
Do ae 
AO Ao 
fi ee 


30° 4, 
Ils 
AY fee 


rhceee Total 
Prelimi- 2a Dura- 
aed tion. 
Tremor. 
sec B sec. 
so 1 = 
iat 1 iis 
cs 1 = 
aS 1 a) 
aes i = 
ce 1 2% 
ak 1 ay 
me 1 = 
af 1 Se 
ae i = 
3 1 = 
a 4 tele 
= 1 Le 
pene 1 a. 
aes 1 * 
se 1 _s 
ee 1 e) 
7 t » 
= 1 3 
es 1 “ae 
=—s 1 = 
ae 1 ame 
pet 1 =S 
a 1 oo 
nbs 1 ee 
— Th pee 
— iL es 
sees 1 aes 
= if ae 
ae. it fobs 
an 1 as 
oe 1 acl 
oe 1 -_ 
mee, il ss 
— 1 18 
=E5 is ae 
aes } a 
es 1 pee 
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Total 
Dura- 
tion. 


Qa. 


sees 


We 
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Prelimi- 
nary 
Tremor 


Date (1913) 
and Time of 
Occurrence. 


seal beech Sgr pall 


snl all Sell Seema a 


Ste 


Senses 


Sees 


Sse ese 


q ! 2 
re) Tas i) 
’ g o} 
ge4 ae as Pa ic de a Oe Gh RP LY i a a a a 
feet 
ges Winer Ee rans a aS Mey Mehran in ae nee iwi Se Gers x vay eta ge oe IN TR ae A ee ees 
od 
AES |g S2SNe RISSR SSRAS AABSS IYSAER SABIE eeaee nessa 
oe & P oo HH19 10 Co © bk fk O° oOonnct OO HHO SS mM oO OS sH 19 CO NI OD oD HHO 10 DOA 
so 8 q Wats HoH =H SH =H LD 1D 1 1 LO 1D 19 109 O © PUSS Shi) 1 ris Sree bo oe ON DS | 
oO 26 —Sso1oo'a Seno) Silene) Ge) ooconr-s sees Sa es is ie saan es sees 
oS 
CaS ond ; 
pee ea Dot a ae he i i pm ea a fe oe a a colges 
~~ 


sodas 


AUG. 4 


bagel See al el me 


SSS So 


vrei! ier Aol cel Soo 


vesctl Ascal tpl Lemel t 


eS SSS 


SSS 


ae oe Wr R 
KA oe AT rae 


Ae BR SRR ie 
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oA A OWN 
a “an a nian 


ra OO O19 
1D ir uD 1 <H 


10 CO OS © 
AAU AT A oD 
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na nan an HO A 
Sy ON © Nes: 


AR Ao Fe 
eA eR aN 


248 


Date (1913) He Sag Date (1913) Daplion Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- Qa. Dura- 

Occurrence. = Dery: tion. Occurrence. nary tion. 
remor. Tremor. 

AUG. 4 sec. be sec AUG. 4 sec 7a sec 
1 22 03 a.m. — il — 1 53 58 am. ee 1 = 
daZ2 ds) — il = tba Vie = 1 sts 
1e22 258. 6. — 1 -— 1254 40: — oft = 
1223-157 & — 1 — 1D La — 1 — 
OE yh Ree, — 1 — 15), 22 og, — 1 — 
4°24 27 4; — 1 —— 1°56 06 =; — 1 “+: 
Hoc 14S e- — 1 — 1256 bee — 1 = 
12236 “30 -&; — 1 a Lobb b19 se: = af — 
1 27 04 =, — 1 — 1957209 2 f, a= 1 = 
1327 bo La. == 1 29 1-57 30... — ih — 
1-28 485, — 1 — #57 35S ae — 1 — 
SE OA boars — 1 22 1253 D688; — 1 — 
Th SO. ee 5. = 1 36 1 69°06 -s — 1 — 
{eS 124958 = il 40 1709 34 — if —- 
1D RUSE = il as 200 UE se: — 1 — 
io. La — 1 = 2°01 107s, — 1 — 
Th Bee Asif — 1 = 2 O15 — 1 = 
Aeooml Gas = 1 24 2:02 26 ,, = 1 = 
TES 09 oe, = 1 == 203 0145; — 1 — 
Ie 30240 = 1 = 2 03 134.78) = 1 — 
1237/7048 = 1 — 203 57 & oo 1 = 
IY fire: © ae = 1 = 2 04°37 — 1 — 
1soo.do §, — if: 22, 2 05 15 4; =k 1 — 
th i et as == 1 — 2 05 50 =; = il —_ 
1eoo spo: Ee ae 1 —= BOG Iol a 1 = 
1.40 43 3% — il = 2°06 58_ ., — 1 — 
4-A41-44 3, = 1 = BHO o4e &. = it —_ 
124156: ¥; = il — 2 O54 ee — 1 — 
1243 08. 5, a 1 —— 2.03 16 7 — 1 — 
ib alae 10te} 1 4, ae 1 = 2 08')-35— %, = 1 — 
ih Aub Sty 2 — 1 == 205 td eke — 1 — 
1345-24. Ge — 1 — 2209 28.8 = 1 — 
“46 12h, = 1 — Dap OS ec bre a a ats 1 — 
Th AUS s3foy 1 4, — 1 — Papel Oost leet 5 1 == 
ee (nil ee = tl — 2alOn29o — 1 — 
th Aes — 1 — Oy WMO OF = 1 = 
th abe} iba} — 1 31 isl > eee — 1 — 
lees) ace eee — ‘lk 51 Ph UG ANG Fs — 1 — 
1D 2 200. Fe — 1 18 2012 20 oe — 1 — 
The iy PAO 5 — il == Be TA lah) — 1 — 
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Date (1913) aoe Total’ | Date (1913) Lr Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a, Dura- 
Occurrence. Boe tion. Occurrence. ‘Teanee tion. 

AUG. 4 sec be sec AUG. 4 sec Me sec 
2 13 08 am = 1 =F 2 34 39 am. —_ 1 = 
Pa oy te BS a 1 — 2-35.00" ,, —= i =5 
Bm Utne s.. = 1 ame Po Ms oN Be = 1 — 
tee = i — DS One aot ae 1 — 
2-14, 52)", — 1 a Fen GepO 28 =. 1 41 
2 1513s; — 1 = Jeska &,, = i: — 
2 hr DD. = 1 = Dea Tao 4. — ib — 
216 39 -,, — 1 == DET DL Soe — 1 = 
tr 20S. = 1 ee Boao. =, = 1 = 
mete 03 2; = 1 21 ONE le ae — 1 ~~ 
219° 01) 4, a 1 5 239 58 ,, - 1 ze 
Le Ey eee ee — 1 =f P40 25% 4. = 1 oo 
2H) 06 o = 1 = 2 4le 17 <,. = 1 — 
2° 20:28 -T,. ==" i. = OLAL bb: S., a 1 33 
Be OT es = i = DrAd 4 & —= 1 17 
2: 21-36%, = 1 4) DAT) Sy = 1 — 
2S al Ce — 1 a 2 43 50 |,, = 1 13 
ye RE ae es 1 nae 24409 ,, aos 1 — 
a 8 ae <= 1 40 DEAL 31S, — 1 — 
RAT I 1 sa ae — 1 < S144 3, = 1 — 
a eine? §,. — 1 =a 24604 2, a 1 = 
a Oe 16. 2, = at 28 pee an Sed — 1 — 
225 59 F,, = 1 = eACeae Doe, « == ui — 
2 26 22 »” i 1 os 2 AT 17 9 = 1 == 4 
2 26 49 ” —— Ap se) 2 47 d+ 9 os. 1 Se 
Oe FOG es ae 1 = 9°48 06 ¢,; = 1 Sd 
2 Pel 32 ” a 1 —¥ 2 48 32 ” “hoe 1 oa 
Ge ey Ge — 1 —- 248 49 _,, a 1 ke 
22812 3. — 1 — 24919 ,, = 1 - 
2 28 33 |,, 3 1 = 24945 ,, = ut = 
299 05 |,, = 1 34 250 04 ,, = 1 ~ 
2 29 41 ” ss Ai — Fr 2 50 36 ” rT. 1 i 
2 30 03 G,, = 1 31 OP stall a, —- 1 — 
2.3045 Se — 1 = 251525 F,, —- 1 <— 
2 31noo 2 — 1 = O55 1 ba as = 1 = 
232) 04. %,, — 1 = P57 14... a 1 —_ 
89 SOns,; == 1 = Grave? aa 1 — 
SD Boel. — i = 9153 14 3 = 1 — 
233 52s — 1 —= edge aisle Be — i _- 
Sie ae — 1 = DE54- 05's, a 1 —- 
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Date (1913) acts Total | Date (1913) ae a Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- Qa. Dura- 
Occurrence. he tion. Occurrence. Teator tion. 
AUG, 4 sec. be sec AUG. 4 sec. m sec 
2 54 27 am. — 1 — 3 13 41 am. —— ‘1 — 
2 Oe — iti — So 14516 eee — 1 == 
TESS S — ik — 3 14 74AG6) 2. — 1 — 
2p5 405 3. — ib — SLD MD tS. = 1 — 
200) 04°), — ih —- 3 1d 45. .,, — il — 
2 bb 517 <4, = 1 — aL Lo) ae: — 1 — 
2 6630 =, — ik = sod Ube NN oe — 1 — 
296 51> 3 — 1 — Feta Ni eo) Ula — ik — 
Gere Oa — 1 — Oe Li eo0 5. — 1 — 
2251 OD a5, = 1 — oo 2LOae, _ 1 —- 
28 29) 3 == il — OULOs4) ae — i — 
2250 PLGw se, — 1 — BalO200 ue. = 1 — 
2°09 0. | = 1 — Ps Joe AS Bb? Bese — 1 40 
3.00 Lis = — 1 26 Ba Oy aee. — 1 — 
3100. 53.25 = 1 — 3-20.36 5; — il — 
3 01 28 ,, — 1 — 3-20 54 ~,, a 1 = 
SLi — 1 — 3 21.2455, — 1 — 
8 02 13 38 — 1 — DaZk 43) 0. — 1 — 
8.02 29 4, — 1 — 3°22 07 ,, — 1 — 
3 02-44 ,, == 1 16 Dee 2a e. — 1 — 
3200.26 =a, aoe 1 = o82e tome — 1 — 
3 03 48 ,, — 1 — Oso U2 pees — iL: — 
3 OL516 5 a 1 — 3223 23198: — 1 — 
3 04:37 24, — i = 3 23 58 .,, — 1 — 
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Hak Zl Oye pe — 1 18 OMESES 2a = 1 15 
1 avs Be SAP oe — 1 29 Opt4at oa. = 1 — 
Ae ae — 1 28 Oy ME Av == 1 — 
Ta ADAG) a ae 1 22, OstoelOm,; — 1 19 
th 46 40, — ll oe: On lae3sse — 1 — 
hie4 Geo lee. — 1 31 (Q) alisy BYE ay — 1 21 
PA 20. 5, — 1 —- Ona 02m = af 15s 
‘la Boy COB ie — 1 — DAT DAG) hee — 1 — 
TieASe bis 5; — 1 — 0 27 50 =", = i 20 
leon Lag. — 1 = OPA CN Ay — 1 —- 
At 49°04" 5; — 1 — e298 29R — 1 AG) 
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Date (913) es Total Date (1913) 
and Time of | Prelimi- Qa. Dura- | and Time of 
Occurrence. reine tion. Occurrence. 
AUG. 5 9 ; a AUG. 5 
0 31 17 am. —— 1 31 1 42 50 am 
0 32 20 ,, oe 1 40 14318 ,, 
0488 a6 ok. = A nt 14510 ,, 
033 32 ., — 1 at 206 29 
) 238 <3) ak — il 22 Pal ORS. UE 
02.03 4, —— 1 45 2 O8sai os. 
0 54.64 5, — 1 30 2 09 46 _,, 
066 38 ,, ae. 1 41 at eat ae 
O71 G2 ie: — 1 24 21 CAO ae 
09 15- =, --- 1 —— 2 150 tae 
O89 <7) ee — 1 41 271 2h 
1200 69.0.5. —- 1 49 22 Ok. ee 
1 02 06 ,, — 1 40 2.24 54 ,, 
1903 19 cee — 1 36 2206.0 
1 04 34 ,, — 1 HS 2223545 oe 
1067 D3. 3 — iL 15 2aol oon 
107 224. > = 1 12 2°32 50 ,, 
LOL oe — 1 14 A oouOLae 
1002S 2 — 1 14 2733.46 oe, 
i090 42 — 1 14 Dad) teas, 
SLO 43 Or as 1 22 2249-208, 
1 2-59 2s, — 1 OZ 253 oleae 
) 15:23 55, — 1 — G i571 Se oe 
i Ibes Bp BoE — 1 -- Gao0 21 we, 
116505 See — 1 oo i T2012 See 
1016.37 0 Re — 1 20 (De 
Teas cee — 1 26 Ee ee 
1419 +43" 5, — 1 31 LE GRAD © 
1-20 25° 2. — i 23 t8 U49 = 
1321 ee — Ti Lad eUae ee 
1 2) 44 a, — il — 1D0.40) 
EPS2 A — 1 — 3400/55 733 
1522.50 & a 1 — S$ 22 48 = 
122 bl — il == be24 poe 
1:23 09 ke 1 26 5:03 12° 
4 2) yee — 1 Sill 10°024°10> 2 
125 40> — 1 — 10 29 aa” se 
IoD 24. me — il 22 10°30 445 7: 
LSS 19 a3 -—- 1 21 1034 447 
1940 42; 3 -— 1 31 10 35 02 _,, 


Duration 
of 
Prelimi- 


nary 


Tremor. 


eoedll medll aelll eel ee 


ft et et et 


ee OH 


or 


ee 
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Date (1913) oe Total Date (1913) oo Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. meee tion. Occurrence. Tren tion. 
AUG. 5 sec 0 sec AUG. 5 sec be sec 
10 36 08 a.m. = 1 — 10 55 34 p.m. os 1 — 
HOR SGe oom, — 1 — TOLOGE20e.. —— 1 — 
10 48 17 _,, — 1 32 10-57 OL 4;; — 1 — 
10: 49 02 ,; = 1 —— ORS (eo Ones —— 1 26 
TOF 49. 40: 7, = 1 — 10756-5429" .. — il 43 
TO? bp 43."-;, — 1 a= ei OGe Ome 4.0 1 24 
TOY tafey DAS) a iL — bi OGLAL *.. — iL 38 
fer OL-,, —— 1 20 i Oye ae) — 1 — 
P07. 05 *,, — 1 28 Th_OSslow ; = 1 — 
QO 37 47 p.m. — 1 38 isle) Aw os: 1 — 
PEOowo lee: —— nll 1? i OSwA Ome. a 1 — 
% 54-24 |,, -— 1 — ish TMG; (Ove — 1 — 
2) SEE IE 4 5. — il 24. Pie LORS. = i — 
PRO DA Ee —- 1 18 EGO. Giese — 1 — 
on OOFA Oe 5s —— 1 — ia ak Ops = 1 — 
3. Ol OS = 57 — 1 39 TG Sak ils” — 1 — 
soe lene) Dees — 1 26 TE Te WG) “— 1 — 
By Ld Pd — 1 27 nh aA ZU be a i — 
Sy IY tote) sar = 1 31 Wik We. BY) = il — 
a13° 48 ,, —- 1 34 ISR See sy — 1 — 
3 NS) CG es = 1 26 11 13 54 .,,, — 1 = 
omLomLoue., — 1 ii le14 36" 3 — 1 — 
Ae O28 20" >; — 1 20 LMHS) YS oe — 1 — 
409 14 ,, a 1 28 ab Aue) AMO! ae. — 1 a 
002% =; — 1 14 Vig LGesoer + — 1 — 
SB: 2) iy — il 28 aE NUS {558) Fe — 1 28 
oe O4e iis. — 1 -—— iS ieee 3 — 1 — 
AAA — 1 42 Tk ate) BAS) ie — 1 — 
= (5) AM — if 28 ELSE Se 59 wes, — 1 — 
LORS ORDo me 4.0 ek 36 1b aS) BYP — 1 —- 
jth Tere a — 1 — 1S 2050295; — 1 —: 
10 49 06 ==, a 1 20 alah DAL (OS) a — 1 — 
LOVSOeS6 5 — 1 = WOM) ABE Te — 1 — 
10505 ,; va i} —— ih OR. (OR ae — 1 a 
HOMO a Oe. — iL — IEE BY — i — 
TOD Zn LA ss -= 1 — Ti 23304, — 1 — 
TOe-5 27 5Des —= IL —- et We} Bee oy. = iL — 
NO poo aes a il — Tal OR ISS) ac — i — 
10054 OF; — 1 32 dh O45; as) — 1 — 
LOPS5008,; —— iL oa ial ais AME — 1 — 
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Tp me ge bene at ea ne ee a eae 
Duration Duration 


Date 913) of Total: Date (1913) of Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- — 

Occurrence. Sek tion. Occurrence. Sacatl tion. 
remor, Tremor. 

AUG. 5S sec. be sec AUG. 5 sec. BM sec. 
11 26 03 p.m — 1 — 11 47 20 p.m — 1 — 
11.526°29 _£, = 1 — IE AT 48. & — it —- 
141.527.09" &, — 1 — 1748 toa — 1 a 
1g 41> — 1 = 1i-49 98. # — 1 — 
1125511 = i — 12-50 -02-. E = if == 
1192838 -- = = 1 — P1250 5b0 ee = 1 = 
Lagevtho. es — 1 — Iiepio ed & — 1 = 
141 92983 5 5 = 1 — LASTS Ais ee — 1 — 
132901 — 1 — 11652733 = — 1 _- 
14730 14 §, — 1 — 1 S308 8 — 1 — 
14133030 2, — 1 == 11 54 06 5, —— it = 
V1 Oly oe — 1 — 1154.46 7 8 — 1 — 
TRI ash eye = 1 — 11655 19% — 1 = 
11732197 == ik = 11256.09. 8 a 1 — 
11.%62°48> = — 1 — 11 56-29 | — 1 — 
411.583:.19 -&,; = ik — Livo6 46 &. — 1 — 
12933 139 — 1 = Lio (ory. -: — 1 ay 
11°93 (54s, — 1 — Linos 07 28 — 1 — 
11 34 25 5,, one 1 —_ 11°58 3678) — 1 28 
11 84°50  ;, = 1 == 11959. .1 2 ee — il — 
11735 38 2. — 1 = 11459 <47 -& — 1 Bit f 
11636024 — 1 — AUG. 6 
1IS36T Do ee — af — 0 00 35 am. — 1 — 
11-3818 4; = 1 — OxLOTSS> & —e 1 — 
1128835 L- & = 1 ats 0 O1 48 ~=OC*F»67" — 1 35 
139509 Se. ot ik ats OS02 EDT “kz, — 1 — 
1LeB9 At: &. = 1 — 0°03 54.5, — 1 — 
Ie 40) A? = 1 — 020422 22. — 1 —- 
11 40 46 _,, — 1 — 005 18 .,, — sy il — 
ies 1s09 Ne = 1 = 020557. &. =! 1 — 
11741. 53 E- = 1 — 0206538 7£. — 1 20 
11742 16.8, = 1 — 008,05 8; —- 1 — 
tet SrO3 oe = 1 — 0.08 577 & — if) —- 
ge a = 1 = 0:09.87 5, —— 1 5 
11 44 01 ,, a 1 — 0.10 B37 &, — 1 — 
ME re a a 1 = Orb 27 - — 1 — 
T4045 ee — 1 — Odd 59: &, — 1 — 
11 45 48. 5, = 1 — Ost 49 ee — 1 — 
1 46°20" &: — 1 — 0135042. — ib — 
£47. 00.8. = il — 0:13 48" &; — 1 _- 


The Eruptions and Farthquakes of the Asama-yama. YV. 


Date (1913) | Paton Total | Date ois) 4 
and Time of | Prelimi- Qa, Dura- | and Time of | Prelimi- 
Occurrence. ba Rs tion. Occurrence. beets 
Tremor. Tremor. 
AUG. 6 sec. Me sec, AUG. 6 sec. 
O 14 40 a.m. pees 1 at 0 44 10 am = 
Gin 49... — 1 — On4ep Zee ~= 
0) 16°26-~,, — 1 — 0 45 20 ,, — 
(Oy URS! DAR Re — 1 — OR4 Sp Gae,s — 
UFiSc50. *., — 1 —- (4 Ga lees — 
Ome Oe. = 1 — Osa ia... — 
OMG 49" 5 — 1 — Oh Abr Biss -— 
Cea OTe; — 1 — OsASE24e — 
O20 24. -~,; — 1 — 0 49° 36~,, — 
OF 21700. ~ — 1 = OAR HO 5, a 
Oe 22-092%5; = 1 — (G) G80) US) vee -- 
Ke235L0 —— cL — Oe5 (Aries. — 
m2 Say eee — 1 — Oss 2202 5. —- 
0 24 44 ,, — 1 293 BR BI ee, — 
On25) 28) 5; — 1 == Os53e29eR,, — 
0 27 OF ~5; -— 1 a Oe5 4S. -— 
east, = 1 a Ona. — 
Oey O30 3 — 1 — Oza 5a lOw: — 
Qe Orsy TBS) ye — 1 a OP Ss HU — 
Ce28e40 8: — 1 — Oxi Gmia.. = 
OFP29531 *,, — 1 a OAR AOD) 6 — 
OrsOro0o-.,; — 1 = 075800"; — 
BY SOL ae — il == (O) Bey. AB) — 
03106 ,, See 1 te 0.59 26 ,, — 
0 31 56 ,, — 1 —- 1 0082 1S, , = 
0 33 28, ak 1 eS 00-47 |,, = 
0 34 50 ,, — 1 —- 1-01, 46°. ioe 
0 36 04 9 see A re 1 02 23 »” a, 
D GS. BYE Se = 1 == it OSm00 Ness — 
ORSae LS mes os 1 — i 424 ae, — 
0 38 40 ,, — 1 a ii, (Opi they — 
OBIS Ge By, — al — i () Gia es oo 
0 3914: — 1 = LO%e32..; — 
OPLOR 0G ess = 1 = as) BO) 4 os 
G 40739", — 1 — OSM oOme.. — 
Oe4i12™.;; — 1 = te LORD Lae. — 
Ons (es, — 1 — ote el Guess — 
QZ, OM ie — 1 — isa Dg hs (aoe 8 — 
CrAa2G5 1. — 1 — ie Akos — 
On4350470—.5 —- 1 — he 7 206 ss — 


Se OR ee Oe ee OR ee OR OH 


Se eee 
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Date (1913) een . Total Date (1913) aoe Total 

and Time of | Prelimi- Qa. Dura- and Time of | Prelimi- Qa. Dura- 

Occurrence. Z DAT, tion. Occurrence. gets tion. 
remor. Tremor. 

AUG. 6 sec. BM sec. AUG. 6 sec. Kb $ec. 
119 15 am — 1 31 1 58 46 a.m. — 1 = 
122 3, == 1 == dn00 ee — 1 — 
1 24°00 G, = 1 = 1259454 — 1 a 
124 27 =, — 1 — 200° 08 5 — i = 
124 59° 3: as 1 51 200 45 ;; — 1 — 
Ae oie a il = 2 01 45 ~.., — 1 — 
1-30-08" 3 — 1 = 220230" = sa 1 aoa 
1S Osoomee — 1 = 203,405 5 — 1 — 
1230206 7 == 1 — 2 04 24° ,, — 1 a 
12815425 a 1 — 2105 095 5 — 1 — 
Lou oO! 6: — 1 == 2°05 3 pe a= 1 — 
LeGoRnDO le = 1 ee: 2 0617s. — 1 ae 
RST Pee oe = ik = 2 06 53 — 1 — 
1,36:32:73" — ik = 2.07 29 ,, — 1 — 
LSS Roe =, = 1 — 208 02 ,, — if — 
139.220 7 e. = it, a 2. 09.:02 a2: — a = 
PAO TAs, — 1 aes 209 tSb eg, = 1 — 
1540°54- 3 = 1 — 2009 “pi te —_— 1 —— 
1.41 46 5, — if — 2104p —— 1 Ae 
1 42 48 ,, — 1 30 2AVLOT TS ae ab a 
1eA4 43 og: — 1 — 2511-565 a 1 = 
Ve? Ee by pot — 1 — 2 12738 5 ue = el: — 
LAG 302 5; oes 1 aaa 213 01 _,, = 1 — 
1 46 36 5, os 1 20 218 24 ,,, — 1 — 
14718 ,, = 1 15 21410 ., 7 1 = 
1047-45 te — i = 2 alo 10 as — ik — 
14S 10> <. “= 1 = 20 7312 — 1 — 
1.48 43 =~, — 1 31 pak epmibey {oa oe 1 — 
1249 35.3; oe 1 a3, Sali 20 LS oe = 1 — 
149 p45 — 1 32 Sel) Vee — 1 = 
1.50 86 ., — 1 — 25 e038 mee = i — 
A351 °26 3 —— 1 ws 2a16 3 ae eo 1 — 
Py Pet ete — ib — is hee ee = 1 — 
1spSeA6 72 = 1 = 2219 30ne — 1 30 
pd BS le — 1 — 2.20 2195; — il — 
1.55 3305; — 1 — 2221 D4 = i — 
1,56 09> <, — 1 a 2-21 58 4; — 1 -- 
1556.35 te — 1 — Be? ae — 1 = 
1157-20 os, — 1 —— 2.23 09; — 1 = 
bos 15.08 — 1 — yay; ae’ © 0 — 1 —— 


a 


Date (1913) 
and Time of 
Occurrence. 


bo bo dO hw bw bo bo bh bd bo 


bo bo bo dS bo bo DS bb bl bo bo bo DS LH bo bo bo lw bw bo bo DS bw bw 


bo bo bo lk bw 


AUG. 6 


94 04 a.m. 
24 49 ,, 
2h O09 —,, 
25 30%, 
25-47%" ;, 


26 10, 
PSR er 
at 03 -,, 
yt hal jaa 
PBST ae 


28 24 ,, 
29 02 ,, 
29 OOF 
30 43s, 
allay ;, 


dl 41 sa, 
OO 2aF Dy 
33 52, 
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Duration 
of 
Prelimi- 
nary 


Tremor. 


ee 


eh tk et at et et 


fed peek pe bet pd 


oe 


fot et et et 


ft et 


Total 
Dura- 


tion. ~ 


Date 


(1913) 


and Time of 
Oecurrence. 


AUG. G 


52 
52 


©) CO GO GO CO GO CO OO Go CO bo bb dD bw bo bo bo bo bw 
Or 
Wo} 


CO OO Co WH CO OO OO GS GO OO 
bo 
co 


OUST OTH CO GO YD OO OD 
bo 
Or 


09 a.m. 


39, 


Us a 


47, 
46 ,, 


Las 
DEK, 
OOS =,. 
36. 
1 iS, 


28, 
SY 
23 ,, 


267 
Ct Total 
Prelimi- 2a. Dura- 
Teo tion. 
sec be sec. 
nba 1 is 
pat 1 ans 
pads 1 en 
ae, 1 = 
ie 1 = 
err 1 = 
pe 1 = 
= 1 — 
= 1 z, 
=” 1 —_ 
m: 1 = 
es 1 ae 
at 1 5 
-s ik = 
ae 1 = 
es: 1 36 
a tl 43 
2 1 22 
= 1 31 
—— 1 — 
es 1 25 
= 1 — 
pe 1 47 
ae 1 
= {i 40 
oa 1 43 
= 1 o2 
pe 1 — 
= 1 29 
a 1 — 
Due. 1 30 
aac 1 —— 
ae 1 — 
aE 1 18 
=e 1 — 
xy il 42 
ea 1 = 
me 1 28 
shat il = 
aS 1 32 
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7 > D ati J 

Date (1913) tae Total Date (1913) coe Total 

and Time of | Prelimi- 9a. Dura- | and Time of | Prelimi- 2a. Dura- 

ial ig 4 1 nary . 
Occurrence. Areas 43 tion. Occurrence. Trane tion. 
AUGIS6 sec. a sec. AUG. 8 sec. be sec 
10 40 52 am. 2.0 1 Arg ~ 7 14 08 p-m. — 1 — 
9 19.206 pan. 0.4 e 2 14 f.14 3b. 3 =, 1 == 
AUG. 7 715 022, -— 1 == 
7 48 21 am. 2ak 2 — 110320 Se — 1 — 
¥ 43 56° 3, — 1 26 (edo 30° % os 1 = 
2 44 57 p.m. 5.0 3 — Sao uum 1.8 We A4 
es gt a + i 3°05 33. m 1 26 
a.m. aon, 
10 01 46 Ca, — 1 24 9 30 112 Ds 1 48 
AUG. 8 AUG. 10 
ay Ge HAP ayet 2.0 2 16 1 41 04 am 4.0 2 Al 
BAST VA iy — 1 49 Tsao ee m: ae O, 29 
GI23 76 aae 2.0 2. 50 1220-529) 2 == 2 — 
Q202 a. BD 2. sas 1e21° 042.2 ee 1 — 
S 02-55" ,, oo 1 vee 121 45 se ae 1 — 
3:03 093 — 1 = be21. 862° Pee = 1 — 
8 03 32. ,, a 2 is 122 04 ,, = 1 ad 
o'03 5075s = 2 30 $522 2a — if 39 
Stal “29 SF = 2 51 Ih Wiha yh. — 1 oh 
4 19 22 p.m = 1 aos 1725 AD a ih 25 
4°19 36° 2 a 1 24 12542 Ome = 1 39 
63445 , ee 2 ae 129 34 _,, at i ee 
6 35 25, sat 1 Ss 129 48 ,, al 2 = 
GAS 23 = == 1 == 123020084, — 2, — 
48 37 ,, a 1 — isc0 te ao 1 —- 
6 48 48 ,, a= 1 a= 13053-2532) — 1 —_- 
649505 == a 1 z ieee ag 1 18 
6 49 32 ,, —— 1 — AUG. 11 

649 44 ,, ae 1 aes 554 51am. |] 40 fl on 
6 49 59" | cose i a Deo mL ess 1 49 
6 60.14 | — 1 — 5 57 04 =, —— 1 _ 
50 30 =; — 1 sets Sept sto 1 16 
65113) ;; — 1 = 0 30 58 p.m ere i 41 
Gap) Jeormes — 1 — OMS 2a — 1 29 
(oy fay 5% 5 — 1 — 0-34.59) 5 <9 — 1 29 
62087505 1.5 2 45 On 852571. 8 = 1 — 


(1), (2), (3, (4), and (5). The disturbances were each composed of a series of small vibrations which 


were remarkably regular. 
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Date agis) | io" Total | Date cao1sy | Pualion Total 
and Time of | Prelimi- Da. Dura- and Time of | Prelimi- 2a. Dura- 
Occurrence. eae tion. Occurrence. es tion. 

AUG. 11 ao if ae AUG, 12 Ee. B| ae 
0 36 25 p.m Ag 1 a 1, ibe4acpm yy) 722 3 3 a 
UR ats oe ae 1 =e 1, 1601000 = 1 26 
0 37 21 =~, a 1 a eT Oo i) 24 
0 38 03, = 1 263 eae) DIS ee — a) 38 
0 38 28, zk 1 =a 119 30 ,, uk 1 34 
0 40 08_,, =s 1 ie 120015 ©., = 1 17 
0 40 44 _,, Eas 1 20 Teoin4iep oo 1 20 
(at 09 6s = 1 23 129708. te 1 23 
0 42 20 _,, mal i) = 1.98 95 ,, Be i) 30 
OPMBITT ze 1 a 2L07. ce 1 = 
6 1504s 2.9 9 = 1-04 28°, ae 1 18 
615 30 ,, is 1 te 1 24 50 ,, bt 1 17 
7 19 040, 4.3 2 33 1.95110 ",, As il 26 
80854. ©. = D 39 1 O50560 , OW a 1 16 
10 06 46 _,, 9.4 2 14 126 40 ,, 
10 20 59, — 2 32 1 26°57 ©, 4 

AUG. 12 Dare Wy ee 

0 07 31 am =F 2 22 1 81/33 .,, © 

4 59 52 ,, ey 1 ae alee ee ko ta 1 30 
5-00 210. = 1 25 1 3210 ,,o 

9 

20° 31, 1.2 3 ae 1 38 12 ,,G» 

6° 91,19 45, at i as eR ROR ae cas 1 35 
5 21 42 ,, ihe 1 24 139101) 1 56 
5 25 54, = 1 3 1 41 26 _,, o— 1 27 
HOG TT | ae 1 30 iy Osta ee oa 1 50 
5.93. 12/13 or 1 25 1744603 8 _ 1 27 
nA 468.0) Ge 1 == 1 44 40 ,, — 1 39 
Bedsii9ee, 9) ee 1 = 1 46 49 —— i 17 
BAQII9. (5 CO) ee 1 — 147.435,,0) — is 48 
549 44 ,, as 1 4 148 38 ,,¢%) — 1 = 
54951 ,% — 1 42 14919 ,, — 1 ae 
1 tA18 A] 27 2 22 250,00. ,% = 1 37 
11 41149 >; 2.4 2 24 155 43 _,, Ss 1 a 
11 42 26 ,, zee 1 =i toes bSa) 2) = 1 39 
0 04 59 p.m. ee 1 18 T2501 10% 53 = 1 mf 


(1),....(4)3 (5) to (6); (9); and (12),. ...(16); the disturbances were each composed of a series of 


regular vibrations. 
(7) to (8) and also (10) to (11): the motion was continuous and regular. 
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Date (1913) ae Total Date (1913) TE Total 
and ‘Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- Qa. Dura- 
Occurrence. ene tion. Occurrence. Taaniee tion. 
AUG, 12 see b sec. AUG, 12 sec. Me sec. 
1-57 42 p.m. — 1 380 11 33 04 p.m. — 3 -— 
DO GD) wes — 1 85 oH Bes re Mares ee = 1 —- 
ATO1- 23 -5,. — 3 i fl ae — 4 — 
4 44°02 ; — 1 ma 11454-02033 — 1 —— 
a4 29 = ass alt — 3) SO ae — 2e% — 
7.44 33° °,, sD We — 11534.440 3, — 3 - = 
7.48 01%, —_ 2 — 11 35 02 _—,, — 2 —— 
1, 40.08 42 a= 85 120 1itdo Ate — 2 -— 
iets 5 e me 1 17. | Ar86 86%, = 4 Ce. 
14-20 03 4 sess il 16 LisS6 09beS — 4 —- 
11°20 83 4°") 7042 473 260 1) 36-40: 53 — 6 — 
14°33 21, = 1 — a esie Ot — 7 a 
11324 1007 & == 2 —— 1163709 a5 — 4 —— 
11724 88> 2: = 2 — 11°37 24 «,, — 3 —- 
dee 10 Gee. —— 2 a 11.37 44. a; _ 3 —- 
14 25 2 = 4 — AIST Do ee -s 4 a 
11526 life = de ao 1138 oe _- 4 —- 
IG 82 See = 2 — dice 23 ne — 3 -— 
1126 65a — 2 — 11230 D2 ue _- 2 —- 
Aa 27 20. S, os 1 — 1.39 13 2, + 2 — 
ADR a os ae — 1 — 1d 239 Doone — 2 —_ 
IP 233 = — 1 — A659) Bile ee — 4 a 
1125 26> a — i — 11 40°03 ~,, — 3 —- 
11.28 36; = ah — 11 40 18.5% — 4 — 
11°28 54-28 — 1 — 11-40 38° §; — 1 — 
LO eo ae —— 1 — aT oc 5 WANA pa — 1 -- 
11 30 41, —= al — isd aoe — il = 
11 30. 49° > = 1 — E41 22); — 1 — 
11330-1507 BY — dd. — IME Shay - 5- — 1 — 
19331 G6 om. — 1 — cal) 1S — 1 a 
11°31 40 —~;; — v — 4542) 05-455 — 1 -— 
21a Ol — 2 — isa? 4 — 1 —= 
11-32 00, = 4 =< UL aS Sh — 1 — 
11532 2b oe a 2 — isla} AOlaes — 1 —- 
1ivo2: 420 — 3 a L143 AS. ie, — 1 — 


(1) Between 1,55.58 and 1.59.35 p.m., the disturbances were each 


(2) Strong explosion. 


(3) Very strong explosion, followed by powerful smoke emissions. 


composed of regular vibrations. 
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Date (1913) Pee Total Date (1913) 
and Time of | Prelimi- Qa, Dura- | and Time of 
Occurrence. Petrone tion. Occurrence. 
‘AUG. 12 a 3 ia AUG. 13 
11 44 03 p.m. a 1 — 9 15 36 am 
bi-4425" 3, — il — GULbLASE,; 
ge 7 pes — il, — SAG OL; 
tae SO les,, — 1 — oe Loe t Gear. 
14520: ,, — 1 — 9516 29. 73; 
Dea 20 — 1 — iG Ay =., 
iin, AUS AB e — ik — bo ANG) {5X0} pe 
Tuk AXay (Oo — 1 — OD ie 04ers 
TIFAG 21. -,;, — ct — Oe lial ieee; 
$1 46-35, — 1 = 8) I BE gg: 
Ci4Ge tye... — 1 — GF 1. 50", 5; 
11 47 00 ,, — 1 — 9 18 04 «, 
Leelee a — 1 — 9 18) 12", 
Ti 4 35, ys — 1 aaa G 1852599 ,; 
Ih 47 36. —_- 1 == 3) ites a ae 
ll 47-46 —,, — 1 — ORISeh6e=.. 
11243) OSes, — 1 = OetOLOSae,s 
48 405 5;; — 1 — OR ORO ae. 
11° 45, 10°35 — 1 =—— oh TS) GF Be 
sla eho lke — AL ooo 8) ae akee 
1t 49 52 ~,, — 1 = ORD ORO Sms. 
1a) deals ye — 1 = SY OXI BAB) ae 
Ei 5G. 407 -,, — 1 a Ce) OAD GH, AB 
TY 5P 027 |, — 1 = 8 DAO) ZB ee 
Teas oot, 5s — if} — OF le OGae 
Lol 567 ,, — i — ON teh ae 
11s Bip YS FS — 1 — BD Awe 
fie 5240 5 a 1 = Geile bone, 
T5205 (.>;,; — 1 = GRO 2s Oa 
Bie baal tl s;, — afi — ORO Games, 
Tk $55} 2bes — 1 — 8) RS Diep 
g WS Sa ie — 1 — ORD 0rA Ore. . 
11/57 43; — il = 9 23 00° ,, 
Le br 52, = 1 == 923. L2=., 
Ci 58:28 .;; — 1 a 8) OB shy Ye 
AUG. 13 
9 14 13 am pe. 1 22 EDS ge 
9 14 41 ” a 1 ae 9 24 O01 ae 
91456 ,, ee 1 = OTOL Dies: 
Or 1b O8e* — 1 — Oe 4T Line. 
9.15.19", — 1 — be Oe U4 O ee 


bo 
“A 
— 


a Total 

Prelimi- 2a. Dura- 

eas tion. 
sec be sec 
= 1 oa 
i. 1 — 
pe E es 
=o Al es 
= a | <=: 
— ‘lk as 
—- 1 — 
= 1b — 
— 1 — 
= AL — 
— a — 
ne 1 — 
pack 1 — 
rae 1 — 
at f: — 
pe 1 — 
ae it — 
ees 1 — 
— 1 — 
= 1 — 
Fa. 1 — 
= fi — 
ice. 1 — 
ae 1 —— 
= 1 — 
poh i! — 
Lae 1 a 
ae 9. — 
= 1 --- 
= ih 1 = 
ae Al = 
Bee 1 — 
UNS A | — 
=a 1 — 
—_ iE — 
lens 1 — 
Rion 1 _ 
my 1 —- 
wok 1 — 
= 1 10 


OD F. Omori: — 
Date (1913) aoe Total Date (1913) Paraiion Total 
and Time of | Prelimi- Qa Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. Pn Si. tion. Occurrence. mss, tion. 
AUG. 13 sec. be sec AUG. 13 sec. fe sec. 
925 98am. | — 1 aS. 5.45.59 pan. 2 bsg 
99607 ,, a 1 11 546.14 ,, a 2 * 
996 35 ,, = 1 = 5.46 93. BE 2 a 
9 26 51 ,, i 1 20 5 46 33 ,, =e 2 as 
013 92 pm |) — 2 28 5 AG 47, £¥ 2 2 
0-32-1635. — il — 5.4658. -y, — 2 -= 
0325339). — cL — 5 47 07 ,, _- 2 — 
Wy BRP CK 5. -—— 1 —— BAY SEIS: — 2 — 
0533) O2 Se, — 1 — BAT BT a 1 — 
0733.28" 5, a i = 5 AT 47 ,, _ 1 —-- 
On,0;18 ne = 1 28 54759 ,, = 1 = 
05055 ,, em 1 26 5 48 09 = 1 as 
1 3454 a 2 x 54818 ,, a: 1 = 
129500 2 a 2 ie 5 48 27 .. es 1 aE 
135 54 ca 2 a 54843 ,, i 1 st 
1 36.08 ,, — 2 == 5 48-59%, — ik. — 
1°36 33 -,, — 2 — 5 49 13 =o, — 1 -— 
13625282, — ak = 5 49) 24-2, — i —- 
13 (15> 3S — 1 — 5 49 38 ,, — 1 — 
1 (4olios — 1 — 5 49 S455; — 1 ~- 
o 41 23 ;; 15 3 — br o0 LI 4a — 1 — 
28 1640 eee Bees 23 se 5 50 25. 5) — 1 — 
5 42 00 ,, — 4 a DeoOloe Fe — 1 — 
5 42°06 ;,, — 2 — 5 61 06 ,, — 1 23 
5.42 13 |,, — 2 = 5 51 42 ,, — 1 — 
DAZ 20 oss — 2 = Dal Dow: — 1 12 
OL yess —_ 2 an Dip eboe — if 12 
5 42 49 ,, 28 1s = 5 5515 ,, == 1 12 
5 43 03, ae 1 = 6°55 180 oe, — if 16 
Di43516 ae — 1 — 6202515 Fe — ik 27 
nc te) ieee — 1 — 6105.00 a; — 1 —— 
5 43 43 OC, — 2, = 6 04 05 ,, — i — 
5 43 57. ,, = ‘if = 6 04 24 ,, — 2 — 
D pd eee — By a 6 04 47 ,, a uy cr 
5 4419 ,, — 1 = 6 04 59 ,, — ye —- 
5 44 29 ,, — 1 wes 6505; 23 0; = 2 =i 
5 44 44 ,, — 2 = BLOD 43 Fe: a y) = 
5 44 59 ,,, — 2 == 6 06 00 ,, — 2 —— 
5 45 31 ;, — 2, — 6 06 20 ,, — 2 oe 
5 45 43 39 ae 3 — 6 06 o4 9 pas 2 - 


(1) Strong explosion. 
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Dw ES) 
ee aa ae ene ee Tone Oar Ye Sew 
Date (1913) oes 9 7 Total Date (1913) a Total 
and Time of | Prelimi- Qa. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. Teena’ tion. Occurrence. eee tion. 
AUG. 13 , ‘ a AUG. 13 a hs aie 
6 06 45 p.m. ae: 1 a 6 89 45 p.m. = t ea 
& 06450: > |; — 1 a -6 40 02. ,, — ib — 
607 12), “= 1 = 6 40 13 _,, Se ie ay 
6 OT 24 =, — 2 ss 6-40 23: =,, — 1 = 
GOG40' Ts ot 3 = 6 40 38 _,, == 1 as 
6 07 57 ” -*. 2 aor a 6 40 52 ” = 1 — 
Ge Las. — 2 — Grate) tt =< — 1 — 
Ge OGU 22, of, a 4 = 624411, -;, — 1 a 
6 08. 42 ,, — 3 — Geee26 %,, — 1 a 
6 08 56. se, as 2 — 6 41 43 .,, — 1 a 
Geode Loa: — Be = (m4) De = i == 
Gro ea0. ie — Ye — (a 0) Ret Be — 1 = 
609745... — 1 ao 8) AD) Hi — 1 a 
6 10 11 23 ten 2 —— 6 42 AT ” —— 1 = 
ut ORAS: Ve —— 3 — 6 438 02 ,, — i — 
6 10. 56~ ,, — 2 --- G42 — il soe 
Sella ae — 2 — Geaor40o — 1 at 
ad Al Rass ares — ye = 6 43 57 _,, — 1 — 
CAlZ.O0. 1 — 2 — 6 44 30 ,, — 1 at 
Gal2220: >> — 1 — 6 44 45 ,, — 1 — 
6 12 32 ,, = i — 6 48 25, = i = 
612 45 .,, he 1 = 6-48-51 -., a 1 oN 
GOelSLOSe 5 —- 1 — 6 28) Us) — 1 — 
618 26 _,, = 1 2. 6 49 26 .,, = 1 28 
61346 ,, aS i = 65947 ,, = reo eee. 
Opto -09) 5, — 1 — (i BE ep = 1 —— 
6. 14.03” _,, — 1 — 6) ie UR — 1 — 
6.14.22 ,, — 1 — th PAE WG. -— 1 19 
6) 14°42. ,; — il — SNe FAG. =, — 1 = 
6 15 02 ,, — i — 3) LG By a Ale — 
oe ry Gare os 1 — 8h XS BB) og. — 1 a 
Go losdo? .. —- 1 — 8) Gy TK), = 1 “= 
GLl6. 07% 3 — 1 — SAY Ste) ae — 2 DAT 
GolGend 5. — 1 — 10037 56 ~; 0.6 1 16 
GelOoo: "5; — 1 -— 10 43 05 ,, — 1 — 
GelG ai >, — 1 — 1O°432209%55 — 1 — 
Gebietes ~ 1 —- 1G) Ass Sih. — 1 — 
Gait 14-5 — 1 — TOs 8h ee — i — 
oy Bes G0) oy — L 24 10 44 00 ,, — ik 26 
6 39 27 a 1 14 aby asl Ly 4 39 
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a ae ee a 


Date (1913) eer Total Date (1913) ae ea Total 

and Time of | Prelimi- 9a. Dura- | and Time of | Prelimi- 2a. Dura- 

Occurrence. Teak tion. Occurrence. geste tion. 
remor. Tremor. 

AUG. 13 sec. BK sec. AUG. 14 sec, BK sec. 
11 51 17 p.m. 1.1 9 27 6 09 19 am — 1 12 
Tak sve il 2s — 1 a 6=138°00.>),; — 1 13 
iHb eb ash FA. = Al — 6.15 24s; — 1 15 
11.4 4264; —— al —- 6 21°17 — 2 31 
1195.01; — 1 oo GB 2S ae ee 1.6 ti 18 
11955 115. | — 1 — 622) 142ee — 1 10 
11°55 2972; — 1 — 6726 "p45 — 1 16 
11S fpoee — if) — 6129 15a: 1.9 2 24 
1156208" |; —_ ib = 630 1S. — 1 OD 
1156-26 2, _— 1 a 6252 52.53 — 1 21 
11 56:48. _,; — 1 -= 6 59-0) Ss — 1 — 
11 (57,22 03 0.8 1 20 6 D9 4b — 1 —— 

AUG. 14 115 D852 — 3 38 

0 28 03 a.m. 9.7 13 721533. — 2 35 

0 J89002 >... 1.2 3 ao a eee — 1 = 

Dy HS) ate) 9% — 1 —— (222 BO — 1 — 

959 45 ,, 133 6 51 Th BPAY ASS 5. — 2 

DEOL TODE e: 1.6 De 20 ined ULE — 1 a 

By IU) aes 8 14 2 15 Tf DS GPO e — 1 — 

33 0) BIg — 1 Ha 1 OL eee — 1 — 

Sy SI RS. 55 — 1 19 tf Pb) f — 1 — 

5 34 08" =, — 1 13 4 24°32) Rs — uf — 

3 36 Ub 2 20 12> 1 — FL: 23 
AMAT Oe. 1.6 2 — Ff Dts} ML ot a 2 — 

Ae Ba ee — 1 22, tf Bes Bitsy - 45 — 1 28 
A229 00"; 9.5 2 18 BAe ys Big Sh. — 1 = 

be 3p (U4 2 — 1 15 TREE OP) 5 a 2 —_ 
AALS ee 1.4 yw 30 Leos Bolt — 2 — 

De Oa = ab 22 au alg”. — 2 —- 

i Ge PAS) 25, 9.4 2 31 pp 0S 3 — 1 — 

DsO4 20 oun — 1 23 100° LO ae — 1 — 

Deo OLue — 1 11 Tp iy ALO at — il — 

5 46 49 .,, — 2 _— 1-400 00) bs — 1 — 

b> M7104 — 3 37 iupO MLO me. — 1 — 

6105-253. — i 21 1aDG se oF — 1 —— 


(1) to (2): the disturbances were almost continucus. 


(3): between 7.33.32 and 7.51.11 a.m., the disturbances were continuous. 
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Date (1913) mee Total Date (1913) rege Total 
and Time of | Prelimi- Qa, Dura- | and Time of | Prelimi- Qa, Dura- 
Occurrence. teers - tion. Occurrence. Team, ye tion. 
AUG. 14 sec. be sec. AUG, 14 i sec, B sec. 
7 86 45 a.m. — 1 — 7 51 11 am. pc 1 90 
(engi) Be = 1 -s 8 53 28 ,, 1.5 2 17 
R375 _— 1 ei Geiieoses,, oa 1:9 os 8 
WS t, = 1 ax 9° 30-594, aS 2 27 
noone ss — 1 — 9 40 50 ,, — ik $ 
fooeok 7, — 1 — Ere Gis 064., r 0.3 8 a 
< 39 08: ,, — fi — Be 1S 21k T,. i oo 13 83 
mre yy — 1 — ER 2O1S.. / 2 — 
odes low. a 1 sere ee hile 206399, «0 = 1 18 
Be by ere = 1 aaa A ee oe 1 27 
i 4091675 —— 1 — 13a) 28, OR —— uf — 
1, 400 44 — 1) = Ee Soe Osa io 1 — 
i 41,099. — 1 — LISS tee - — 1 = 
4 obs — 1 — Pie SGn42" -. — 1 25 
4 Olan = — 1 — leo an Lt, — 1 — 
4-42. 07 _-,, — iL — 1) BY) BY -— 1 — 
{EDR DPB oo — ii — AMI ekos ANS) -= 1 — 
(42°39 -,, — at = Gl Bis Bee — i! — 
Tt cD Mis — 1 — ibl Be) Beh |. —— 1 — 
We Aen Loe =. — if = ETESIS5 le, oo ih —- 
7.4338 ,, a fi = ie 40,95 *,, “- 1 3 
T4L07 = 1 ae 154759). a 1 38 
744 20 ,, — 1 — 0 12 34 pm - 1 23 
744 36 ,, — it — OFLss02" 5; -— 1 — 
te 4A ees — 1 == (Q) aS) ths) = 2 — 
Lips — 1 —- Q515 138%; a 1 35 
Yi LS BYE a — 1 — @) 145 Bue — 1 -- 
CAO Antes — 1 — () aZs ate. — 1 — 
74606 — ,, = 1 ee 0.15 09 = ;, —- 1 30 
(GHG PAs ae — 1 — (sy) GY aad 1 29 
wet U2 43 — ih == ORGabbmees --- i 17 
(cae Gus ee — 1 — (0) BYE OX 2.2, 4 — 
1 AS oe = 1 as 0 34 51 ,, a i 30 
4.487515 ,; — 1 — O53 EY) B. 0.85 if! 25 
Ge OME Lome, = il 30 148 40 ,, — 1 13 


(1): the disturbances were almost continuous between 11.35.28 and 11.40.25 a.m.; between 2.22.38 and 
2.31.12 p.m.; between 5.14.46 and 5.18.04 p.m.; between 5.26.32 and 5.27.04 p.m.; and between 5.30.57 
and 5.32.28 p.m. 
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‘Date (1913) ae Total Date (1913) bee Total 

and Time of | Prelimi- Da, Dura- | and Time of | Prelimi- Qa. Dura- 
Occurrence. nary tion. Occurrence. Bibs tion. 

Tremor. Tremor. 

AUG. 14 sec be sec. AUG, 14 sec Me sec. 
1 58 50 p.m. ss. ik 16 Del? 627 psn = 1 13 
1259-10 “4, — al 16 Dela.eoae. — 1 — 
2°00 59 %, — 1 20 Del VTE. a 1 = 
201 B9: =, — 1 19 DSL 21 ek, = 1 — 
2°02°02-&, — w — 8.15748 7 — 2 = 
2°02" 24 — 2 a D.-lGaloues = 2 —- 
202 46 4, — 1 —- 5°16 pO ae, += 1 — 
2°06 (DT > — 1 12 bo 17 1628, — 1 — 
235 12en. — ni 18 eI Ey: ORD — 1 — 
O19 SATs — 7 14 DL6 OLE: ee 1 — 
Delos oe, — 1 18 5 26 B2 -,, = 1 — 
ON ioe aise by — 1 — D226 Oo eee ee a — 
2110.40 oe. — q 20 5 2ioDaine. = 1 — 
2 a1 OG ee, — 1 27 5 30 57 ,, ae aL ae 
D0 UO we, = al 19 5 SLAs ee = 1 — 
2221 Bile & — 1 — 5 tole) Oe = a. — 
DA DAR VEE — 1 — 5 32 00 ,, ae 1 28 
2:22:01 2, — 1 16 DB p2, 20) ae; a 1 27 
22a Do =e. — ik = baoo lao i, = 1 — 
DE DBT ED x — 1 — 700 41 ,, = 1 — 
220 2b — a — 701 16-3 — 2 — 
2 24 26 ,, — 1 a 7 sO leo ome — 1 — 
224 56 ,, — 1 = 7 02 04 ,, — 1 as 
2g25 NS -., — 1 — 4102) 3. — 1 — 
2°25 36 -,, —— 1 = (e024 5a = 1 — 
22D AB hs, — ah — TOSS tes — ik — 
2 26 02°, — 1 = 704 05 ,, — 2, 25 
De20e24 es, — 1 — AUG. 15 

2.26 54 -,, — 1 — 7d oo B2 22. 1.2 4 18 
Py oye ieee as 1 = S02, 07a. — 1 30 
2°28 23 &, = 1 — 520403598. 2.5 2 29 
228 40 ,, = 1 —= 9152: 40°45; OB 2 — 
DAADASTS Sosa’ yas es 1 — 9 bo. 029 5: — 1 — 
220 2 2.oe,, = 1 — D7 5350200e — 1 = 
220 DME, — uh — 953949" 2, — 1 -—— 
O99 2D oe: — 1 — 9754-1298, a= 2 a 
2°30 24.) — 1 — 9°54 Bole, — 1 —— 
OL ok. — 1 — 9 °55_13.5, = 1 — 
a vstsyai hie — 1 12 9°55 88-5, — 1 == 
3.49 03-57; — 3 20 OGs0o mee — 1 = 
(1) The disturbances were almost continuous between 9.52.40 and 10.02.34 a.m. and between 3.58.20 


and 4.07.36 p.m. 
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Duration Duration 


Date (1913) of Total Date (1913) of Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- Qa. Dura- 
Occurrence. Teenie tion. Occurrence. Treat tion. 
AUG. 15 se s te AUG. 15 ma F ve 
9 56 44 am — it =s 4 00 56 p.m. aes 9 a. 
9 56 DS_®,, — 1 — £ 01-184, — 6 = 
oe OC etn: — ih — AL Oe Bik — 23 —- 
CSW ari i Ie —— 1 — 4 01 48 ,, = 27 —— 
2 5825". — il —- A 02 24 5, — 2 — 
958 56 ,, =. 1 = 4 02 46 ,, = 12 a 
9 59 52 .,; — 1 = 4°03 09 ,, — 4 a 
1OS00. 20 ~,, — 6 — 4-035 45 ~,, — oe ions 
10. 00 47 -.,, + 21 -- AL (ME like) oe = 1 — 
Oe Le Pea. — 1 — 4 04 87 ,, — 1 — 
LO 02 84 | .,; — 2 oD ASOATDO® 15: — 1 — 
IDS 03) 12 - 5; — 1 — 4 (OBS ING) 4 — 2 — 
10. 03-33). — 2 47 4 ODe Dl. — 2 — 
LY, 06:02 - 0.9 3 28 A OGe Oita — ik — 
LOSOSs 04. 1.3 3 28 ALS BP) — 1 — 
10 16 55 ,, 1.8 AL DAS 4 07 03.sC=F»"6, — Loss — 
1 sb ae oo 2 14 Aamo Geers — 1 15 
0 50 29 p.m 0.85 2 18 46 3) IL 1 29 
We Dis) Aue 0.94 D, 34 4 356 42° 4,, eS 1 21 
IO 25 il 11 AL AME BNL 5 — al iy 
a OE BY - itt 10 445 02 5;, — il 19 
oLeLS. 7, il 11 AT ASTA( > — 1 — 
ayaa) iiSte ae 1.8 4. 42 449-039 435 — 1 ae 
46: 00"",, — 1 10 ASAQ HI Com — 3 — 
Ey (ae Ey 1.6 1 22 4 50 07 ,, — if 12 
iat (tei SP |, Pe ay Ase y ale == it ae 
3) bys) PAD) — 1 —= aul Bl. — 1 = 
3) days) 246) ae — i oo AND ISOS" 5 = 1 = 
Broo) Lae — il — AS D2 Oma — 1 = 
eo mLoee — 1 — He 15) AIS} op — 1 — 
3 5) D4 — 1 — AL TSS) 1K) gp = 1 _ 
BDo DO ts — 1 — A yom Olam. — 1 — 
Ase (es — afi — Eo Dees — 1 _ 
4 00 24 ,, — 2 == Av boc lay, — 1 = 
AOR omas — 3 — Any Aa Oommee — 1 = 


(1) At 9.59.11 am., there was a small sensible shock of max. 2a.=50u, whose ‘preliminary tremor 


lasted 0.44 sec. 
(2) The disturbances were continuous between 4.18.47 and 4.59.14 p.m.; between 5.00.22 and 5.06.22 


p.m.; between 5.08.54 and 5.13.16 p.m., ete. 
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Duration 7 Duration S 
Date (1913) et Total Date (1913) of Total 
and ‘Time of | Prelimi- 2a. Dura- and Time of | Prelimi- 2a. Dura- 
Occurrence. aon - tion. Occurrence. Tone tion. 
AUG. 15 Bec, be sec AUG. 15 sec Me sec 
4 54 19 p.m aos 1 2 5 12 41 pm: eae ul = 
455 06 5, = 1 at: 5 137038 7 iy a =e 
455 40 ,, = 1 = 5 21D SEO Lae Bos 6 54 
45611 =,, — i — 51419 ,, — 1 — 
4 56 28 ,, — 1 — 5 14 31, — 2 — 
4 56 51. ,, — 1 = 5 a4 286 ae cae 4 — 
45( 12 Fe oes 1 a D4 SOO ee — 1 am. 
4 57 24 ,; aa 1 — 5 15 06... — 2 19 
457 48 ,, = 1 —- Db 1bso4 © —- 4 32 
458 05 _,, a 1 = DeLiel0 ae 2.9 4 40 
4 58 25 ..,, Pee 1 = bo / 18820 a = 1 28 
4 58 42 ,, _— 1 = 7-19 00s awe 1 13 
4°59 14'S — 1 54 BLO SS hee = 2 24 
DOO G22 wee = 2 = 5 20.30 os = 1 13 
5s00 235-3 aS 2 = 52128 Gee = 1 12 
5 00 48 ,, — 2 =< 02 19 mae. = 2 — 
5 01 05 ,, = 2 —— San 47 —_ 2 — 
5 01 38 «,, 7 A = 5 22 56. . — 2 — 
501 -57 -%, — 2 = D220 120 oe = xf oo 
5°02 23 <4. — 1 — 54403" —a 1 — 
5 102 Bb ee —< 4 an 5 24 18 _,, — 1 — 
5103 43 2. — i = 9 220 sue. oe 6 53 
5 04:12. — 3 = 5 00 34 5) — 1 21 
5 04°29. = 3 oe Diol doe = L 22 
504 39 ,, ve 1 Bet ay hates — 1 12 
504 47 — 1 — Duobkee 4G, — 1 it 
5 05 28 a, ale 1 at Dat eeOan, — 1 21 
eyb 22 IL sie 1 38 Dp DEL a, — 1 16 
9008054 Ge 2.0 34 60 SAL VSO — 1 22 
5 09 54 =, —— 4 a 5 49 22 _,, — 1 10 
5 10712 ya = 5 = 5°90 39 — 1 Pal 
5510 24-5. — 4 = » 53°07 2, = 1 21 
D103 5% — 3 = BeOS 412 eee =: 1 9 
5 1101- < 5 = 6 03 48 ,, = 1 16 
Beliei5 =) = 3 oe 6 04 55 ,, — 1 10 
5011 eee aie = 1 — 6 14 43 _ ,, = 1 ee 
Bild eey ae = 1 ae 615 04 ,, = 1 = 
jit 2 Odom — i = 615743 9, — 1 33 
5112245 bee oe 1 aa! 67 oval — 1 18 
3 ER rae 1 aes Tale20 ee — 2 20 


(1) Lava fragments fell on the Maikake-yama slope. 
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Date (1913) eee Total Date (1913) mee Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. aes tion. Occurrence. aay tion 
remor. Tremor. 

AUG. 15 sec. b sec AUG, 17 sec a3 sec, 
7 28 02 pm — 3 > 8 29 O07 am — 2 13 
Ve25e00m 5, — 1 27 Si coe 20M 5, — 3 20 
t aura 22; = 1 60 842° 308" ,, — 2 13 
Tehne o le te — 1 51 S 4204 35ee.. — 2 = 
een ote 5: — 1 45 Saat Ole. = 1 =. 
40-ot — 1 36 8 4430 7,; = 2 18 
7 42 28 C,, — 2 30 § 4448 ,, — 2 29 
a 45-475 5; — 1 30 
B50 = 9 29 $45.25 5. — by 18 
4 26 37 am — 1 21 8 59 39 ,, — 9 14 
& BS 17. 132 — 2 36 9 00 06 ,, — 1 25 
6 03°36. 4% — I ay 9 00:31 ,, — 3 75 
6 04 39- ,, — a 35 9202505" 5. = 3 31 
6: 19455°.% — i 34 F.040385 4, = 2 9 
(yale BSH gs ae a 23 9:16 27 ,, — 2 110. 
Gla ots — 1 a3 HB: ae — 1 15 

10 52 02 p.m — 2 30 9 36 40 ,, ae, | 5 
cgay oy © Eee a 2 15 : 
11 48 29 .. As. 1 18 OF 368 20N8 = y. 14. 

AUG. 17 9 42-54 ,, — 1 20 
1 54 58 a.m — 2 11 7 yee = 5 = 
B04, Ol | ;. — 2 15 Oe a4 oo s. == 1 — 
DAD 50a" 5 — 3 15 9-45 2h ,, = 1 = 
a 0Gr lo ;, = 3 Vp 10" £7 55% ,, — i 14. 
Oe le =e 2 25 148, 28'>",, —s 1 18 
4. 39r0s> 5: — 2 11 0 05 O07 p.m = 2 40 
4-41-5385 = a 15 006 O1 ,, — 1 9 
Boo OU"! s = y. 14 OF 1520... — 1 16 
6544522 ©; ee 3 16 SPADE Sona: — 1 10 
me 4ec25e — 1 13 7 EB OO ye — 2 9 
Gr 02259723, = 1 10 Sr iSco0 7 5; — 1 8 
G Su 4iy 5, — 2 — 6 6246 ,, — 1 8 
6: 418% — 2 iy oon Ula 3 — t 54 
6.46) 03) 3 — 2, El SebUs25 §5; — 3 24. 
Gras boaes — 4 32 9 42°45 ..,, — 1 14 
G@ Onova. = 3 18 Te 2545, —_ 3 Li, 
G OL 2s, = 4. 19 tiet ese, = 2 9 
() PA OBS ee = 1 9 1h 142% — 2 12 
te OO. Ae 55 — 3 24 AUG. 18 
S$ 00° 29>; — 1 11 1 22 11 a.m. as iL 4 
8 27 30 — 2 21 oon Cie — 2 28 
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hd 


oe : 
Date (2913) ty. Total Date (1913) ow ais Total 
and Time of | Prelimi- Qa, Dura- | and Time of | Prelimi- 9a. Dura- 
Occurrence. Tee tion. Occurrence. Tee tion. 
AUG, 18 sec. Mm sec. AUG, 21 sec. M sec. 
8 50 56 p.m. — it 25 5 48 12 p.m. — 1 16 
AUG. 19 AUG. 22 
8 05 13 a.m. = 9, 92. 10 29 38 am. — 2 45 
ATI6 06: tee — 1 18 1A Oe ee — 1 21 
$123 52.5, = 2 26 4 36 41 p.m. — 1 18 
8 29 29 ,, oa 1 20 AG37) Boe a ae 2 12 
4208.51 © =e 3 17 5 47) bles i 2 27 
AUG. 20 907 27 ,, a 2 34 
3 42 23 am. — 3 46 AUG. 23 
407 10 ,, — 2 10 9 22 31 am. == 2 —- 
530. BO) 4, == 1 27 SL Watsie yp == 1 11 
6 50 28 p.m. pane 4 30 9 22 49 | = 1 100 
a Diehl ome 2S 3 22; 
oes 11 08 BL, zs A 27 
3 12 18 am. i 4 32 AUG. 24 
1 31 42 pm. Es. 2 10 7 93 31 pan. << 2 24 
I ae 4 — 2 8 8°37 81. 4) a 2 15 
1 59 37 os i 6 8 55 24, . 1 i 
4 10-02 26%; aot il 94 
405 30 ,, at L 11 herpes ‘Ss 2 36 
ADD ea a — 1 15 AUG. 25 
A 25 50 *, —_ ik 6 1 16 46 am. — 2 36 
426 Dh tes — ik i! 2 20:1 09s ee — 1 90 
A-26 50: §5, = 1 17 By Dae sv ke o3 — il 28 
A 99 41 4, — 1 7 paolo ea, — 1 19 
4 29 423" 5,, — ye 11 oe A key 5 — 3 34 
A830 02.5, — 2 6 tt 250550 "4, — 3 Be ai 
Aol 24 7,, — 1 is 6 25 42 p.m. = a 31 
AO? Ove. — 2 32 11205 D1, = 2 24 
Aat hiGy a — 2, 18 AUG. 26 
Bb BME aya? .. — 2 14 7 25 41 a.m. = 1 46 
iS Tha Bs — 1 16 aKO) abs) PAE ap — 2 34 
5 34 44 ,, ss 3 16 O46. 98 Bima. || = asl per 
5 35 58 sar 1 mi 0 46 41 Ca, — 1 18 
‘s 7 05 04. =, ot 3 38 
53615 , oe 1 a 1134 BT oe ie 2 34. 
54610 ,, ae 1 9 oe 
54798, a 2 9 627 44 pm, || 2 2 18 


(1) At 8.40.25 p.m., there was felt a moderately strong earthquake shock of the Asama origin, which 
threw the writing index of the tromometers out of the recording smoked paper. Again, at 8.55.53 p.m. 
there was an unfelt shock of the following elements of motion :—Dur. prel. tremor=0 sec., max. longi- 
tudinal 2a.=33u, total dur.=4 sec. 
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Date (1913) a Date (1913) ae 
and Time of | Prelimi- Qa. Dura- | and Time. of | Prelimi- 2a. Dura- 
Occurrence. Teme tion. Occurrence. 7 cai e tion. 
AUG. 27 sec. M ROG: _ AUG. 27 see; bh Sec. 
6 00 15 p.m —- 2 20 8 14 43 p.m. 1.4. 2; 13 
6 11°41 ;., a 2 10 8 14 57 |.,, —- 1 34. 
eEOmOLT., — 2 23 S 16°17 4, _- 1 22, 
ihe LatOSi Se... — afl 9 8 19 06 _,, —— 3 14 
hele OGi.: — 1 15 ot 19-31 G3 — 1 39 
115.36... — 2 18 ‘epa eae Ue DAS 3 17 
718 48. ,, — 2 13 Bo 22015 7, — 2 30 
10840 ,, ia! 4 37 3°25 22 5, — 1 93 
Ce2oTO2A.;, il 13 8 24 04 _,, — 2 72 . 
he 297 Lie, — 2 21 8 24 27 .,, — 2, 18 
gO 29: 38 5s -- 1 9 B 25°29 ~,, — 1 21 
7 OG 40a — 1 9 Bu 27-00 %,, — 2 = 
A'S feo toda 1.2 4 42 S 27 09 «,, — 1 ee 
i ao loo, if 16 8 27 20 -,; — 3 14. 
% a0 16l),, - 1 16 a 27 43 ~,, — 2 11 
© 4& 02-.,, ie 2 19 § 27 54 ~,, — 1 29 
7 50 49 ,, — 1 18 8 30 49 _,, — it 16 
i Don Dla oo il 16 Seolelom — 2 3D 
ie O40 2088 3 — 1 13 S 34 25 ¢., — 2 17 
54-407, 0.9 2 23 $ 34 48 _,, — il 14 
Fo Rey es ae — De 32 S:- 360527 .. 1.9 3 26 
TGS Cho, ae — 1 ao 8 36 20 |, — it 32 
i OOF 00:4 5; 15 3 17 3 36 53 ,, — 1 11 
ole AO — 2 13 Portia... + 1 16 
1-56821°2,, — 1 20 ai) BML — 2 14 
4 59 0343., — 1 14 S240058q 5 — 1 12 
te OFT OOS — 1 23 $ 41 21 |,, — 1 ai 
8 00 30 _,, — 2 31 8 41 41 _,, —- 1 45) 
ot. OG ORS 5 a 2 46 a 4220: 8; — 1 23 
802 49 ,, me 2 26 $43.13 15 = 1 16 
303 498") _- 2 22, S 44 22 -,, —— 3 28 
8 05 40 ,, — it 28 Ss 46° 018',, —- 1 15 
8 06 08 =o, — ‘ll 15 S 47 08, - = 1 21 
o OGe 25a, — 1 24. 8 48 12)", 1.0 2 16 
SL O0Ge0 (a. 2 2 14 ‘s) ZS) BYE op ip2 3 18 
2 O14 114: — 1 13 8 49 05 _ ,, ae: 1 25 
8 07 24 ,, —_ 2 21 DES Omoome — itt 9 
S Ooa02m..: = 1 21 3 50 06 ,, — 1 tf 
rnd A DATE es — il 11 8°50) 16 ©, — il 17 
Sls. 45 — 1 31 ota Weg — al 8 


989 F, Omori : — 

Date *(1913) Tem Total Date (1913) Ae ae Total 
and Time of | Prelimi- ‘ae Dura- and Time of | Prelimi- 9a. Dura- 
aes nar . nary: 3 
Occurrence. Pare tion. Occurrence. Se tion. 
AUG. 27 sec be sec. AUG. 27 sec a sec. 
8 51 27 p.m. = 1 ate 9 17 05 pm — 1 21 
8 52 34 ,, as 2 21 OTT 26 4.. — 33 21 
853 18 .,, Re 1 17 91752 ,, Les 2 s 
8 54 10 —,, — 9 13 5/1830 0. = 2 33 
8 54 23, — 1 16 919 14 ,, ae 2 14 
8 54 39 = 2 — 9°19 28, — 2 S24 
8 55 10 ,. see 2 23 92012 ,, = 1 24 
8.55 83 ,, 1 21 920 42 , = 4 18 
8 55 59 ,, a 1 21 9 21 00 _,, = 3 27 
856 42 ie 2 41 9 21 97 = 2 30 
8 57 36 Coo, — 2 18 9 22 57 ,, — 1 28 
859 44 ,, ee 2 21 5 98 31 = 2 cs 
9°00 10. pe 3 35 92406 ,, ie 2 12 
9:00 45 «4, = 2 9 9224-20 a 2 33 
9 00 54 ,, = 2 32 995 54 ,, at 1 se 
9101 sl £, = 2 25 DE2oL lee — 1 = 
9 01 56 Ca, = 3° 32 9°26 28 _,, — 1 18 
9.02 28 .,, — 1 12 9.20 21° 2, — 1 — 
9703 16 4: ee. 3 30 9 98 38, oe 1 12 
9 03 46 =, — 2 38 9330: 05 &, — 2, 35 
A044 ee en 2 36 9730 50 =; ae 2 — 
9°05 03 .., a 2 31 9 31 08 ,, — il 11 
9705 555 8, x 1 13 950122347, — 1 — 
DEOG 226 oe _— 2 19 9131732 ©, oe il 17 
9 06 49 ,, _— 1 24 993230 2, — 1 15 
DI0T 1 =F — es me Shape tel fp — 2 18 
9.07 31 .., — 3 19 9:34 52 ,, os 2 os 
9:07 50. 4, a 1 3D 9 35 09 _—,, a 2 — 
9°08 25 -,, — 1 22 9559 226 Te. — 1 14 
9°08 47 ,,, a 1 15 9136 2 — 2 16 
9 09 22, = 2 39 9°86 30 |, ue 2 19 
D001 a 3 20 9 3707 x 4 ce 
9°10 31 ,, — 4 30 9.37 33: .,, = 2 17 
Delo a — 2, 14 9239 5078: a 2 28 
OL? 02 ee = 1 13 9°40 34°, — 1 14 
9712 64. 5; a 4 Bt) ee ITB = 3 35 
91331 ,. ae 2 15 943 42 ., Re 2 26 
914 06 ,, = 4 33 9 44 22 ,, — 3 —— 
DELG O04. Fs == 3 25 9°44 42 ,, — 3 26 
9 36-29 5. — 1 15 9 45 15 ——— 2 20 
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Duration Duration 


Date (1913) ae | “Total Date (1913) of Total 
and Time of | Prelimi- Da. Dura- | and Time of | Prelimi- Qa. Dura- 
Occurrence. Tees tion. Occurrence. rimennns tion. 
AUG. 27 sec. be sec, AUG, 27 sec, b sec 
9 45 44 p.m — 3 28 10 18 35 p.m. = 1 — 
¥ 46 -20 © ,, — 2 20 10 18 54 ,, — ye 15: 
2 44.0%" ., — 1 21 10 19 25 _,, — 2 20 
9 47 43 Cs, — 1 16 10 21 00 ,, mss , 19 
DS bOLOTe = — 2 a TOs 2atba, — 1 Mit 
9. 50 32 =, — 2 =o 10 25 22 ,, — 2 30 
9 50 48 ,, — 2 30 10-27 56 ;, — 1 14 
9 51 41 ~«C« — 2 == Wd: at) aP4 — 1 ile 
9 52 31 ,, — B. — 10 30 53 __s=», = 2 16 
9 52 46 ,, — 3 = LOL S241 >", — 2 21 
& 53°10 > 5 <== 1 —_ 10, 34 OL -,, -—— pe DAP 
953 44 ,, ats 1 = te 5505 8, ae 2 13 
9 53°56: -,; = 1 a LOR S5a1LS2) 5, = 2 18 
9 54 41 ,, — 1 a 10) 5 Zhe) — 3 39 
9 54 55) ¢,, — 6 335) LOS 15S 5, — 3 40 
$ 55 30... — 2 25 10°38 42 ,, — 1 = 
55.59 44 — a 12) 10359203" ".; — 2 59 
2 56 51:7, 2 18 10 40 28 ,, — il = 
& &¢ 23°; 3 4 38 10 40 47 _,, — 1 13 
OY 5S a2) 5s 1 — 10240530) 5; — 3 Div 
GraOS 02. § ;, — D; DA 10,45" 2a... —— 5 — 
10 0116 =, — 1 = 10 46 05, — 1 ite 
1G, 01°32 ,, — il 27 10 48 18 _,, — 2 — 
10 02 10 ,, — 1 18 10548725) 2: — a 35 
10 03 06 =, — 1 ti 10 52 06 _~=—s, — 4 
IG) O38218 34 — 3 — 10°52 22 ,, — 9. 5 
10: 03-37 5; — Hes 33 10 53 22 | ,, — 3 — 
10 05 16 =,, — 8 57 10 54 11 ,, 2a 2 — 
10 06 20 ,, ba DY 17 10 54 31_,, ae 1 30 
10 06 55 _,, — 1 13 LO 55 aLGs., a 2 21 
10 07 30 ,, = Be 21 10 56 26 =o, — 2 — 
10 08 55 _s7,, = 2, 35 10 57 06 ~=«,, — 1 — 
10 10 17 _~—z, <= 2, 14 10 57 24 ,, — 2 25 
10 10 41 =, — 1 = TOb8235. 2,3 a 2 — 
UOT (O85 — a — 1 15 LOE boo ies 3 == 2 23 
LOL 21 Ome. — 2 25 11 00 17 _~—=s, — 1 19 
10 14 22 ,, = 1 — TAL Oe sy” — 2 20 
10 14 40 ,, — 2 18 tl! (ORY BO) . — 2 Daf 
10 16 20 ,, — 5 40 1IR022 07s: — 1 15 
LO Tet ia — 1 15 If 05°59; — il oo 
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Date (1913) cm Date (1913) iene pas Total 
and Time of | Prelimi- 2a. Dura- | -and Time of | Prelimi- 2a. Dura- 
Occurrence. ai sg tion. Occurrence. Teomee tion. 
AUG, 27 see. be sec AUG. 28 sec. be sec. 
11 06 20 p.m. 2% 2 —— 0 15 381 am. — 1 18 
1.206 bl x, — 2 14 018 11 .,, — 1 16 
4411 05 ,, — 1 43 018 46 ,, — 2 + 
14°12 18 4, _ ih 17 H:19-16_ 1a 9 — 
18°13 4650's, —- 3 34 0519 64 %, a 2 — 
11> ab oe, _. 1 _—- 0 20 82 |;, — 4 50 
1815 46 — 2, — © 21 44 |,, — 1 25 
HM 16419 §, — 3 43 0 22 36..',, — 1 17 
7 aS — 2 30 0 23 04 _,, = 2 30 
11 18.09 — 2 29 0-23 51 4; — 2 19 
11219 6658, _- 1 20 0 27 bo — 1 15 
4 20,27. &,; — cf 20 Q 29 'B5 — a 23 
41 23 35 &, — 1 19 0 31 05 .,, — 1 10 
1 2235 33. —- 4 39 0 33 26 |,, — vf 26 
ei ue0 3. — 4 — 0 34 25 .,, — 2 — 
tl 27-50 s. — 1 17 0 34 54 ,, —— Le — 
11 37 42 «,, a 2 — 0 35 18 ,, — 1 33 
i) 35:00. 3 —_ 1 30 0°36: 05. — 2 a 
11239 10-8 — at 21 36 33 4, —— 2 35 
1139 53. sg = 2 36 0 37 24 .,, — 2 31 
11341 Oi eee —- if 15 0 40 35 °,, — 1 24 
14,42 24 -&, — Al 24 0 43 06 =o, — 3 26 
11 44,31 <,, — 2 22 0 45 48 4, — oa 23 
11 48 59 :,, _. 1 17 0 47 15 ,,, — mA 20 
fd S49 CDS — 2 20 0 48 50 7, — 1 18 
Wirb0 29 -¢ — 1 25 0 50 28 |,, = 2. 22; 
El 52 VES= ee — 1 18 0°52 15°, oe 2 —_ 
1157) Di — 2 44 0 52 49 .,, — 1 21. 
AUG. 28 0.55 11 G, — 3 40 
0 00 27 am —- 2 37 0 58 24 i, —- 1 15 
O201 12-2, -— 1 47 1 00 06 | 7, — 1 31 
0505.00 2: — 2 22 a:103 03%, — if 19 
O07 12° &, — 2 18 1°03.36 &,, ~= : ee! 18 
0 08. 24 «<,, — 2, 44 1-04 03 4; — 1 — 
0 09 45 —- 3 Sil 1°04 18 i, -—— 1 29 
Ort 22 —— 1 24 L05 33s, — 1 — 
0 12 56 —- 2 26 1.05 55 .,, — 1 19 
O213 bo &, —. 1 12 1.06 27. &, — Mi 15 
O14..33° 5, — 2 21 £206 5S) he, -— il 22 
0.1509 ,, i 2 20 1809 U4 op e: 1 27 
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on a re et leet a et eg el Er 
Date (1913) — oa ‘ Date (1913) Spray Total 
and Time of | Prelimi- 2a. and Time of | Prelimi- 2a. Dura- 
Occurrence. Te Occurrence. a tion. 
AUG, 28 “as F AUG. 28 a ‘ ae 
I 12 45 am. =. 1 1 39 31 am — 1 24 
F138 06 ,, — 1 E40: 25%, 1.0 2 36 
113 30 ,, — 1 14110 ,, — 3 — 
Bilis 1B, os 1 1 41 34 ,, 1.3 3 — 
115 31 ,, = ree E42 03 ,, by 2 29 
415 55 ,, — 1 142 48 ,, — 2 — 
WUT O32: == 1 143 04 =, -— 2 — 
meio, — 1 148 15 ,, — 1 23 
£18 27, — My £43 51 ;, — 1 — 
119 44 ,, — 1 14410 ,, — 2 — 
I 22 34 ,, — 1 44539; — 2 29 
i 25 26 =, — a 145 40 ,, — 2 — 
£ 26 38 ,, — 2 1 46 03 =, ai 2 = 
¥ 20-20>,, = 4 1 46:11 ,, = 2 = 
B OF 4025; = 5 1 46 47 ,, oa E ma 
1 28 20 ,, — ye 1 46 56 _=sC#,, ci 1 = 
oe ets = Ve lg: YET Bee yee === 1 
1 29 06 ,, — 2 gE ca 3 aes 
W929 27"). — 1 147-30 .,, = 1 = 
+ 29 5577,; — 2 45-125 4, — 3 — 
£3013 ,, — 2 1 48 40 ,, aa 1 . a 
£30 35 =, — 4 14915 ,, ore 1 = 
I 32 03 _=C#4w — 2 £49 43 «C, = 2 = 
i 32 15 23 —— 2 1 50 04 ” a i “Fa 
£32.55 ,, — 2 1 50 24 ,, ee 3 re 
1 33 23 «Ca — a L 51 09 .,, — 2 24 
I 33 47 ,, — 3 1 51 43 C4, = 2 mae 
I 34 25 .,, — 1 152 06 ,, == 1 = 
£ 3S€ OF’ ,, — 1 1 By) ioe oie —- 2 28 
35 LE =. — 2 Mpgceoeu, —~ 2 — 
1 35 40 =», — 4 1 54 43 ~=C=#, — 1 — 
t 36 12 ,, —- 3 1 55 04 ,, — 1 — 
i 36 42 ,, = 2 1 55 24 ,, —- 1 AT 
1 37 06 ==, — i 15617 ,, _- 2 29 
y As Yayo es — 1 EST -105.., — 1 21 
37-56, 3, == iE 1 58 55 a, — 1 — 
1 38 14 «Ca, —- 4 E5916", — uF 3E 
1 38 34 C, --- 3 2 00 09" ,, _- if 37 
£38 5h. ;, — 1 2 02 24 ,, -— 4 38 
$395 11S, 2 203 41 ,, oe 2 4 


| 


986 FE. Omori : — 
Date (1913) TS ae Total Date (1913) peer a Total 
and Time of | Prelimi- oa. Dura- | and Time .of | Prelimi- Qa. Dura- 
Occurrence. r mee tion. Occurrence. uary, tion. 
remor. . Tremor. . 
AUG. 28 sec bh sec. AUG. 28 sec Bb sec 
2 04 22 am. — 2 —- 2 23 48 am —- - 2 — 
2 04 37 _~,, — 1 — 2 24 28 ,, — 3 — 
205 24 *%, — 1 — 225 10 ,, — 2 — 
24D 00) a — 13 — 225 22 -;, — 9 — 
2100 220 - — 10 _- 2-26 2275 — 5 — 
2.06 47% — 4 — 2 26 40 .,, — 2 — 
2 OF A837 @ — 2 — 2-26. o7 — 4 — 
207 41 — 2 — 2 2 oO ae — yy. — 
2708 32°, — 2 = 2021 44 — 2 _- 
2 9 05) 2 — 3 — 2228-20 % — 2 — 
09 5 ae — 2 — 228 44 ,, — 3 — 
Z 10 19%, — 2 — 2 28 54 ,, — 2 — 
2:40 3242's: — 13 — 2:29 21 2 — 2 — 
210 457 = — 8 — 229 48 =, — 3 — 
2.311 oe — 2 — 2 30 19 4, — 2 — 
2a 2oate — 2 — 2.30.39 5, — 1 — 
2 LL 3) — 2 — 2 30 58 ,, — 2 — 
2.42 0308 — il. — 2/51 ieee — 2 — 
A012 20 — 2 — 2 51 31 4 — 2 — 
2°12 23 4; — v6 — 2°32 16 5, — 1 — 
Zale Ola — 2 = Zion 42. — 2 — 
208° 20S — 2 36 yo De — 5 — 
ype es i Ss — 1 2D, 2-30 49. & — 3 oo 
2-44 57 -¥ — 2 — 2 34 25 — 2 — 
216.0282 = — 1 — 2.34.60 5; — 3 28 
2G Lt ee — 16 — 2°30 30 4, — 2 — 
2-16 45 \,; — 4 — 2°36 18.5 — 2 — 
Pes Wi One SE — 6 — 2 30 43°05 — 3 — 
2113 02 — 2 a 2254215 00 — 4 — 
2513 2325) — 3 — Die T Pte tit — 1 — 
218° 52 , — 10 — Be50 816. — 3 — 
PNR — 12 — 2538 Bt &, — 2 -—— 
212) 12 ae — 2 — 2 38 46 =, — 2 — 
2d. OSte, — 1 — 239.07. 4, —. 2 — 
2291. Sy y, — 1 — 2200 4200 ae — 2 — 
FBSA WARTS Be, = — 1 — Py ve ey Be — 6 — 
2 22 06 =, — 2 — 240519) — 2 — 
2°22 18. 5, — 8 — 2 40 59 ,, — 4. — 
Dee SU ee — 1 — 2-41-09 §, — 2 —- 
Baz i & — 1 — 24117 — 1 = 
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Wate (1913), (ee Total | Date (1913). | Patio Total: 
and Time of | Prelimi- Qa. Dura- | and Time of | Prelimi- Da, Dura- 
Occurrence. Tan tion. Occurrence. Tednioe: tion. 

AUG. 28 sec mn sec AUG. 28 sec. Ke see. 
2 41 24 am — Be — 3 00 17 am —_ itt — 
2 41-525". — 4 — 3 00 48 |, mas 3 — 
24201 ,, — 3 =— Om Otee toes — 1 — 
2-42 29 ,, — 3 — 3 01 40 7, — 3 — 
2 43 32 ,, — 2a on.0201 One, — 1 — 
245 38 ,, — 2 — 3 02 56 _,, — 1 — 
2 43 56 5, — 2 — 3, 0anl5e,, —— 3 == 
24446 ,, —— 2 4 3 03 45, — 6 — 
2 44.53) ,, — 3 — 3.038 55 ,, — 3 52 
245 25 ;; — 1 = 3 04 53 sC*g, — 3 — 
245 35. ,, — 2, — 305 09 _ =, — 8 — 
245 48 ,, a 1 — 3 05 26 _=«,, — 15 — 
24613 ,, — 9 — 305 48 ~sC=», — 2 — 
2 46 47 _ ,, — 2 — 3 06 05 _,, — 4 — 
ZA Q4o ee — 4 — 3 06 31_s4 — 1 — 
247 44 ,, — 1 — oe UG 4o™,, — 3 a5 
248 03 .. = 3 re Pully see & = 2 ‘2 
24829 | . D = 307 94 |, = 3 = 
24839 ,, =a 1 es 3 08 32 ,, = 4 = 
249 00 ,, — Pe — 309203), — 1 — 
2 49 18 ” a 2 =a 3 09 21 ” as i) Sa 
2 49 55. ,, — 1 — PS TOO eg: Bee — 2 — 
2 50.07 ,, — 2 — 3 10 067 ;, a 3 — 
oy Oe 42S: — 2a Sr Omar. — 2 — 
2 51 07 Py Sa 5 sae 8 11 03 ” ie 1 iow. 
2 52 00%;; — 6 == o LEelL6e).; — 1 — 
2 52 58. ,, — 2 — Oo. 24: — 4 — 
oe Oo 14s a, — pe — 812 08 ,, — 2 — 
2.63 54. ,, — 8 = Selec —- 1 sss 
2 54 380 ,, — — kor hee <.. — 2 = 
255 04 ,, — We — rata gas ee — 2 — 
® 65 35 ©. ce 1 ES 31321 , — py on) See 
2: 66 Olas, — il — rt sa ee — 2 —-- 
2 56-360, — Pe = 3 14.25 _,, — 2 = 
2 56 59 ,, — 1 — 3 14 40 ,, — 3 — 
25743, i 1 a 8 15 0, ee Dee ee 
OO Le: o.5 — 2 os Seloelaes.. — 2 ~— 
2 58 54 ,, — 1 — oO Loa gee,, — 2 os 
Or 59-45 %., — 1 — $1545 ,, — 1 = 
2 59 59 — 4 — 3:16:26 .,, — 4. —— 
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- Date (1913) oe Total Date (1913) Aer ses Total 
and Time of | Prelimi- Qa. Dura- | and Time of | Prelimi- 2g, Dura- 
Occurrence. T TAEy tion. Occurrence. nary. tion. 

remor, Tremor. 

AUG. 28 ae C ee AUG, 28 Nag : Se 
3 16 56 am. |) 2 3 ae 3 32 32 am. — 2 se 
2 Ae We fall 3 — 2 — 3 32 54 ,, cen 1 —— 
7 Wy Oy Albe — 1 — 3 33 09 =, — 1 se 
Bil? 44-4 — 5 — 3 33 29. ,, — 1 40 
ael8 10: = ik — 3 34 30 = ,, — 1 — 
a18 32 «, — 2 — 3 34 46 ,, — 2 — 
S119 0508. — 2 — 3 35 02 = ,, a 1 a 
Delo 21. — = 335 14 ,, — 2 = 
319 48 ,, — 2 = 335 44 ,, — 2 — 
3 20 05 ,, — 2 — 3.30 bl 2 = 2 —— 
3 20 18 ,, — 2 = 3 36 30 , — 1 = 
8 20 39 ,, — 2 — 3 36 36 ,, — ye — 
3 20 48 —— 1 — 3 36 53_sC=7 — e os 
a 21 02° 2 — 1 — 337 12 3 — 1 28 
BE21 1s ae — 1 _ oof 49° 5 a= 1 — 
3 21 28 C,, — 3 — a 31. oD. — a]: — 
meek oO. on — 4 — 3 88 63-2 — 2 —= 
ies od ee — 4 — 3 88 21, — 2 — 
323 03 =, — 2 —= 3 38 42 3, — 2 — 
3.23 23 |, — 1 — 3 38 49, — 1 — 
3 23 48 Ca, — 3 — 3 39 09 _,, — e — 
32415 ,, — 1 — a 30 2h ee — 2 — 
3 24 25 «, — 2 — 34018 ,, — 2 7 
3.24 43 OC, — 8 — 3 40 37 _ ,, — 2 — 
ives bees — 2 —_ 341 04 ,, — 1 — 
3.25 30 ,, — 2 — Bp Al V7 — a = 
3 25 52, — 1 — 3.41 38 ,, = 1 — 
3 26 09, — ut — 3.41 48 ,, oe ye — 
20. S30 — 4 — 342 00 ,, = 4 — 
3 26 48 ,, — 2 — 3.42 14 ,, — 2 — 
a At 14 — 3 — 3 42 30 | cos 2 — 
3.28 06 ,, — 1 — 3.42 48 ,, — 2 — 
o.25 24. — 1 — 343 04 = ,, — i — 
3.29 01 |; — 2 — 34317 ,, — 1 — 
0 2k — 1 — 3.43 26 ,, — 1 — 
3 30 08 _s,, — 1 —_ Bad Gli & — 3° — 
3 30 27 ,, — 1 = 344 00 ,, — 1 — 
3 30 54 ,, — 2 — 34412 ,, — 1 — 
33109 ,. is 1 = 34417 , = 1 aa 
33208 ,. a 2 ar 344 34 |, = 2 =a 


Date (1913) 


and Time of 


Occurrence. 


AUG, 28 


3 44 52 am. 


eu) 


3 45 12 


Or 
1S) 
rs 


6 41 


Prk PPP 
om ooawd 
oo © 
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Prelimi- 
nary 
Tremor. 
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_ 
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Date (1913) eres Total Date (1913) ae Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. . Thee tion. Occurrence. RELA tion 
remor. Tremor. 

: AUG, 28 sec Mo _ sec. sec Bb sec. 
6 29 54 a.m. — 2 34 3 26 29 p.m. — 2 14 
O 03 44 p.m. — 2 18 —s 
6 55 28_,, Zs 2 16 : a a ts ‘ ie 
8 34 54 ,, a 3 25 ” cae : 

AUG. 29 Deoo: Gaus, — 2 21 
3 92 35-,, es 2 35 52817 ,, = 5 35 
AUG. 30 

6) GAT) BYE tapas = 2 DAT 5eso ak ";, a il 15 
ARIS 13", ” = i 23 5 89 09 = 1 17 
4514.35", ea i my! ¥ 
Mil 02.0 a 2 22 a me ! zo 

aay 5 41 30 ,, = 1 26 
8 29 33 am. Zoe a 26 5 44 45 ,, — 2, 23 
#1303 2, = 2 11 54545 ,, = i 21 
Si Ssisa.: — 2 22 ae 1 3 
SO ive = 1 = eae 
9 22 53, ee 1 ue GrooeoUme., — 1 19 
9° 93° 02 3 — 2, — 10°57 30)", — 3 25 


292 


TABLE L, c. 


F, Omori: — 


LIST OF THE ASAMA VOLCANIC OUTBURSTS 


INSTRUMENTALLY REGISTERED AT THE ASHINO-TAIRA 
(ASAMA-YAMA) SEISMOLOGICAL STATION. 
SEPT. 1ST—2ND, 1913. 


ALL THE DISTURBANCES CONTAINED IN THIS TABLE WERE OF THE [B] TYPE, 


BEING THE SHAKINGS CAUSED BY THE ERUPTIVE DISTURBANCES.. 


(2a denotes the maximum longitudinal motion, in micron.) 


Date (1913) te Total Date (1913) bee 

and ‘Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. 
Wr nar, 1 2, nar, 

Occurrence. ‘ieee, tion. Occurrence. tee, 

SEPT. 1 ae ie nec. SEPT. 1 Bec. pe 
1 58 59 am. — 2 26 9 21 05 p.m. — 2 
8 45 50 p.m = 1 — 9 22 23; — 2 
8 52 50 ,, — i} 34 D22eb ie — 2 
8 53 56 Coo, = 1 — 9 24 05 ,, — 2 
900 O01 ,, — 1 — 9 24 49 ,, — 2 
90114 ,, — 1 — 9 26 24 ,, — om 
9 03 51 ,, — 1 30 9524220 a oe 2 
9 05 24 ,, — 1 45 9 28 34 ,, ee 1 
906 41 ,, — 1 17 9 29 06 _ ,, a 2 
9 07 46_s,, a 1 — 9200 Tian. — a 
9 08 41 ,, = 2 — 230° 36 4, — 2 
909 11 ,, i. 1 ae 0051010 a sie 1 
9 09 36 ,, — 2 — 9 31 35 ,, — 2 
310211. s; — 2 = 3,b2 09 -, — 2 
910 24 ,, — 2 — 9 32 53 C=, — 2 
9°10 52 _,, = 2 — 9 33 31 ,, — 2 
Deli si0 a — 2 —- 9 3412 ,, — 2 
911 52 ,, — 2 —- Jao +02 ae = 2 
91218: — 2 26 9 35 44 ,, — 2 
91305 ,, — 2 36 9296. 21S, — 2 
913 45 ,, — 1 — DiS tael: ee, — 2 
914 03 = ,, — 2 — 9 37 59 ,, — 2 
914 53 ,, “= 2 18 9 38 40 ,, -—— 3 
JG 2253, — 2 — 9 39 05 ,, — 3 
Deh oe — 3 — 9 40 30 ,, = 3 
917 42 ,, — 2 31 9 40 34 ,, —— 2 
918 42°; — 1 — 9 40 47 ,, — 2 
91910 5 == 2 — 94116 ,, — 3 
919 34 ,; — 2 24 9 41 54 ,, — 2 
9:20 13 4, = 2 — 94219 ,, — 2 
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Neila sleileRe) OO Oc CC CC CO © CO 6 


—_ 
© 6 


10 


10 
10 


05 50 
06 40 
07 20 


The Eruptions and Earthquakes of the Asama-yama. V. 


Prelimi- 


nary 
Tremor. 


‘Total 
Dura- 
tion. 


Duration 
Date (1913) of 


and Time of | Prelimi- 


Occurrence. nary 
Tremor. 


293 


Total 
Dura- 


tion. 


bo bo to dS or 


bo bo bo lO 


Do rR Co bh bo 


bo bo Co et © bo bo Co Go bo 


bo & bo dS bo bo Oo e bo bo 


bo Go H Go 0O 


G2 bo Oo He OVE 


Ol Go C2 Oo bo H> He He Oo 


G2 GO bo Co CO 


© bo bw OO Go bo OO Co 


* 
we 


& tO bw bw bw Ooo 


09 oO DO 


994 F. Omori : — 
wh 
Date (1913) re age Total Date (19183) pee : 
and Time of | Prelimi- 2a Dura- and Time of | Prelimi- 2a. 
Occurrence. nary: tion. Occurrence. BLY. 
Tremor. Tremor. 

SEPT. 1 Bil F i SEPT. 1 2 ; 
10 33 09 p.m. ae 3 == 10 58 47 p.m. ae 33 
10 33_39 |, = a = 10-59 S9ee — 2 
10 33 59 _,, = 3 = Il 00°31 _,, — 2 
10 3420 .. x 3 ae 11 01 07 =o 3 
10 34 41 |: Ss 6 = 11002 41 - 9 
10 35 04 _,, oe 4 —_ L203) 02: «3; te 2 
10 35 30 ,. % 3 = 11503710 ae me 2 
10 3602 ,. ra 3 ie: 11 04 22 Bs 2 
10 3647 .. a 3 a TE 0445 on 2 
LOPS Te — 2 as It 05 25 ,, a 4 
10 38 02 ,, a 3 rz 11 06 04 _,, ae 2 
10 38 27 .. = 5 B 110629 . a 4 
10 38 48 ; 3 3 oe 11 07 09 ahs 4 
10 39 36 xe 3 a 11 07 29 a 2 
10 39 52 2 4 at 11 08 38, = 4 
10 40 35, a 2 z= 11 09 33, aes 4 
10 41 00 ,, BES 6 = 1k 310 29°%), a a 
10 41 47 ,, — 2 —— OE wie Life — 3 
10 42 21 ,, —— 2 = LId12 26-3 = Y 
10 4318 a 2 24 11-1957 @ ~ 2 
10 43 41 ,, — 2 a LIGI3S 1S ae, — 3 
10 44 26 ,, — Be 2) L131 3b 1a —— 2 
104513 . = 7 ides 111425 se. 2 
10 46 06 . as 2 Z aoe. a 2 
10 46 52 |. ae 2 eZ 11-16 00 %, _ 2 
10 47 93, = 3 us 11 16 29 ,, ue 2 
10 48 15 _,, = 3 = 4 Lig 337 — 3 
10 4905 = 3 ws Jigs Here) a 3 
10 4920 |. =s 3 wi 110 10 oe i 2 
10 50 11 _ ,, — 2 es 11 20 00 ,, — 2 
10 50 39 _,, oe 2 wad 11 20 33 ,, ee 3 
10 5109 ,. = 4 = 11 20 58 ‘2 2 
105215 .. sk 2 a TOT a te 4 
10 58a «. i 2 ie) 11 21 57 ay 3 
10.5401 &,, — 2 —_ L1e22 bie, — 3 
10 54 33, A 3 as 11°23 39 ~,, a 6 
10 55 27 a 4 = 11 24 30 ,, a 4 
LOT AT. ae == Be — ll 24 55 _—,, — 2 
10 57 35, ah 2 ae 11 2529 . 2 
105DT 4 a 3 —— 11.26.22 °%, — 2 
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Date (asisy | mio” Total | Date asia) | P= - Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. Dura- 
Occurrence. re tion. Occurrence. nary : tion 
remor, Tremor 

SEPT. 1 ‘7 , 2. SEPT. 2 a F 5 
11 26 47 p.m. a 2 — 0 03 06 a.m — 1 — 
11 27 40 ,, = 2 act 0 03 55, = 3 39 
11 28 44. .,, — Be — 008 12 ,, — T 92 
EY 20514”... — Oe — Oi) 24, — 2 — 
LE 29 495%; — 2 = O=122005 3 = 1 — 
11 30 31 _,, —= pe — O12. 308. — 4 — 
a at 05),. — 2 — Oe1 24598" — 5 — 
11 32 26 ,, — 2 — Osa 258. — 2 —- 
41 3305 ue 3 = Gisinaee a 1 = 
11 33 42 ,, — 2 — 01415 ,, — 2 — 
11 34 09 _,, os 2 — 014 41 ,, — 4 --= 
11 34 45. ,, —— He — Oris, 28a ., — 2 — 
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£E 397197) |. a aD — 018 24 ,, — 2 a 
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Ey 419 420s — 1 — 019520. ,, — 2 — 
li 42°33” ,, — 2 a 0 19 54, — 2 — 
11 4412 ,, == 2 — 0 20 37 ,, — 1 — 
11 46 28 ,, — 2 — 0. 22-33 ,; — 1 —_— 
11°47 39 ..,, — 2 — Oe 234 Some 5. — 1 — 
11 48 14 ,, — Oe — 0 2415 ,, — 2 — 
11°48 55 CS; = 1 as 0 24 345) — 3 — 
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11 50 48 ,, a 2 — Oe ZaS ie 5 — iN = 
ae 51 59%, ,, — 2 — 0 28 19 ,, — 2 = 
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LL 65, 01 .,, — Be — 0 30 35 =, — 2 — 
11 56 08 _ C=» — 1 — 0 31 24 ,, — 2 — 
cay ime Ole — 2 — Ge32r Lig — 3 — 
11 58 40 ae 2 BS 03301 .. a: 2 ae 
A Oot 32. — 2 — OF Ss: 2m — 3 — 

SEPT. 2 

000 05 am. | — 2 a 03405 ,, = 4 ee 
0 00 22 ,, — 2 — 0 34 37 _,, — 5 Gia 
OUm1Es.. _ 1 =. 0 35 08_,, = 2 a 
0 01 40 ,, — 1 == Ceshi Sia; —- 5 cad 
0 02 15 — 1 — 0 36 33 — 4 — 


296 


Date (1913) 


and Time of 


Occurrence. 


(2) (eo peste t=) Oro So oS Sle ieee) SSS eo eao a=) oo Co sai) (a) (ems) ooc sS 


SEPT. 2 
36 56 a.m. 


oT 
38 
38 
39 


39 
40 
40 
41 
41 


42 
43 
43 
it 


21 
14 


F, Omori : — 


Gone Total 

Prelimi- | 2a. Dura- 
nary * 

Tremor. HOM: 
sec. KB sec 
= D) ta 
ana, 1 me 
a 3 “7 
eae 2 de. 
oar 3 Lie 
Be 3 2! 
ws, 5 hes 
=e 4 as. 
peel 2 1% 
= 2 Eh: 
ae 6 a. 
us 5 ae 
eas 5 ai. 
am 6 a 
ie 2 . 
= 1 fe 
= 5 an. 
Se 4 Pee 
= 3 a 
ae 7 =P 
nh 3 Lo 
ee 4 ccs 
— 8 oe 
ma 7 poe 
— 5 abs 
a 6 ue 
ae 7 ae: 
ios 5 i 
— D) a3: 
me 2 aa: 
oe 3 #:, 
vin, 4 e. 
ge 2 ate 
= 3 i. 
ms 2 JE 
= 1 at 
ae 5 ds. 
— 2 He! 
A 4 Le 
sa 3 a 


Date (1913) 
and Time of 
Occurrence. 


bd 
=) 
So 
oO 
pa 


te fe 
=) 
NS) 
is 
So 


ee ee ee 
(=) 
=~] 
— 
bo 


ee ee ee 
—_ 
on 
on 
pa 


fod et ed ed 
i 
Jo 
is 


OU <1 bo bo 


atl 
GO OO bo O1 GO ee onan) r= bo H bo bo bo bo bk Ot co 


epee co} Petal 
Prelimi- Qa. Dura- 
nary . 
Tremor, tion. 
sec. be sec 
SZ p) a% 
on: a Be 
an 1 oi 
Bhs 9 i) 
ail 9 a8 
=~ 4 aa 
ae 5 33 
x 3 Fy 
ta 6G a 
bats 8 a 
=e 3 ap 
2 3 pls 
Se. Dy az 
ie 3 a 
cae 3 oe! 
— - 89 
— 1 38 


Date (1913) 


and Time of 


Occurrence. 


SEPT. 2 
Ds alls 


21 41 
22 12 
22 42 


el ll OR ee ORR Re eR eR eR ee ee RRR ee 
He C w bo 
eS = or 
9 ee —) 
(oe) | bo 


= 
i 
Or 
OL 
bo 


The Eruptions and Earthquakes of the Asama-yama, YV. 


Duration 
of 
Prelimi- 
nary 


Tremor. 


Qa. 


Total 
Dura- 
tion. 


Date (1913) 
and Time of 
Occurrence. 


Duration 
of 


Prelimi- Qa. 


nary 
Tremor. 


ean 
bo EE DOE 


H Co bo Ib 


a 
km bo bo bo bo Go DO CO GO bo ACF RA DAIS Hb 


bo Go DO lS bo 


bo bo GO bo CO 


rp pwr NYNWNMNDY NNER HE HRP HEE BRR ee 
On 
Ye) 
ho 
S 


bo bo & bw bw 
S 
or) 
iss) 
lor) 


297 


Total 
Dura- 
tion. 


| 
OH co bo DOE 


PPA PWWwWW APA 


e 
Hm bo G2 Oo bo H He © OI C2 DO H bo fo ise) 


| 
bo H =1 bo Ot 


9298 F, Omori : — 
Date (1913) eh Total Date (1913) pS Total 
and Time of | Prelimi- Qa. Dura- | and Time of | Prelimi- Qa, Dura- 
: ma é 
Occurrence. re tion. Occurrence. aie ede. tion. 
SEPT. 2 Sec. & sec SEPT. a sec. be Sec. 
2 07 53 a.m. -—- 2 — 2 38 10 am. — 2 — 
208 AD 5, = 2 a 2°38 237. — 10 — 
208 45, = 2 Sa 23917 ,, _ 2 ad 
209 04 ,, a 62a) wee 239 44 ,, as 7 36 
2°09 33502; — 3 — 2 41-01; — 2 15 
290. 7b wee — » — 2 41 51.4, — 8 — 
2 20 sob Se — 3 — 24219 ,, — 4 — 
21048 ,, — 3 — 242 47 ,, — 3 — 
2 1 108. e, — 3 — 243 16 ,, — 4 26 
Ae BT fe — 3 — 24419 ,, — 2 — 
21207 ,, aes 6 a 24439 ,, te 2 26 
2 12 32.45; — 2 — 2 4553 10n: — 2 — 
21247 |. Y- 4 a] 24710. 2 6 38 
213 122. ;,, —— re — 248 12 |; — 1 — 
2213 AS ee, — 33 44 249 14 ,, — 3 — 
2 20 Biss; — 2 26 249 44 ,, = of — 
2 21 28 ,, 5 | 43 — 25018 ,, — 4 — 
2 22°26. = 3 — 2 50 44 ,, — 2 a 
222 SY — 2 — 2 51 54 ,, — 13 90 
eno Wo ee — 2 — 2 54 07 ~,, — 2 — 
22410 ,, —— if — 2 54 36 =, — 3 — 
22645 Dy 2 ee 25518 ,, ue 1 a. 
2 2 mabe oe — 1 == 2 56 20 ,, — 2 — 
22 eoT S, — 1 — 201202 2 — 2 — 
2°28 20°, —— 2 — 2 57 41 |, — 4 20 
220 142 — 2 — 2 58 08 =~ ase 2 — 
2°20 MS ee. a 3 —= 208 29 3 — 4 — 
2 30 57 _,, — 1 — 2°09 Ba. 8, = 2 = 
Deol WS” g, — 2 — 3 00 28 ,, — ye — 
2 31 58 ~=Ca), — 2 — So Ola2l> = — 1 — 
2 32 87 ,, The 2, 2 301 43, a 2 — 
2950 20 ee, — 1 = 3 02 22 ,, — 3 — 
233 44 ,, a 3 — 3 02 57 ,, — 4 — 
2.34 10 ,, a 2 = 3-03 29 _,, = 55 — 
23447 ,, z 7 2) 303 55 .. as 2 E 
20 22a — 2 — 3 04:19 ,, — 2 —_ 
2-35.57 5, 7.8 7 — 3 04-35: yy, =e 2 ag 
2 36 46 ,, —— 2 — 3 04 56, ae 2 — 
O87 4 = 1 a 30598 .. ae 2 ss 
201 41 5G, — 2 — 3 06 32 ©, a 3) — 
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Occurrence. ee tion. Occurrence. Dery tion. 
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SEPT. 2 sec qi sec SEPT. 2 sec ib sec 
3 07 19 a.m sos 9 — 3 33 19 am — 3 — 
ao OG Shin * — 2 — a o4 14) =, — 4 — 
3 08. 15>-,, — wy —— 3.35 12>"; — 2 — 
3 08 56 ,, as 4 — SPOUT A Lure — 2 os 

sep Oe Bone s. — 2 —— 3:00 OS. 4, — 2, — 
509 53" — 2 — 3°36. 43. ,, — 2 — 
31014 ,, — 2 — So 26 5 — pe — 
oe LOLOL. — 2 — 3 37 48 ~=CF — 2 — 
eid Ml a Pe — 3 = Sao. 20 |, — 1 — 
oe Liv4de.. — 2 = SECOLLO. ts, — 3 -— 
a 1212? ;, — a — Soo Ul ,, = 4 — 
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oe LO Ope te, — 3 31 eee al 2 Ue — pe — 
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a) dish Bye |e ss is os S44 lee, — 1 — 
S121 s:, — 4 = > 45 200 ©, == 53 39 
Be Wee OD: bss — 3 == 3 46:08 °}, — 4 = 
Oe Ae Os Ay — 2 — 3 46 43 _s=o, — 6 — 
oul 26ur; — 6 — 47 21%, — 2 — 
2 ol OO-7;; = Bi a onal 45) 9%, — 2 -— 
SETA R SS & —— De = 3°48 800"; — 2 — 
a EE os — 1 ase S502 Olas. — 3 34 
oe Oboe. — 2, = eo AUS ee — 4 _— 
ray) Dla) abs ee — 1 — Supe fie: — il — 
ao Zin Oue s —— ne a 3752 06 *, ae 2 — 
as DATE AB) — 1 3) iy) GB) - es 2 — 
SO) 2Oe One nes — 2 53 tees I) — 2 - 
a PASy 7G ah — 2 — ms fay PAG) — 2 — 
5) Bil) 255) G. — 2 36 3 54 00 ,, = 2 — 
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Duration Duration 


Date (4913) of Total Date (1913) ae Total 

and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a, Dura- 

Occurrence. ae’! tion. Occurrence. Dery tion. 
remor. Tremor. 

SEPT. 2 sec. K sec, SEPT. 4 sec. u sec 
6 10 46 am — 2 = 6 28 29 am. a 1 — 
Getie LE oe — 2 = 673001252. = 2 2h 
Ge Et. 3424 — 6 === 6 30 44 ,, — 1 24 
6 32° 05. - 3; —~ 3 — 6 86 14 ,, os 2 — 
Ge lS ba: |, — 2, a 6°37. 03: 3 — v = 
Gels 1b: 3; — 2 — 6 38 O07 ,, a 2, — 
618 42. ,, — i — Gioon Loss, == 2 = 
Ga14 33° 3, — il a 6 40) 15. 5, — 2 — 
615 33 ,, — 1 — 6 42 34> .,, — y — 
Grld59. 4 — 1 S= 6 44 46 _,, — 1 a 
6 16°46"; — 2 49 6946 304, — 2 a 
62lS. 03"; — 1 — 6 48 14° .,; — 2 30 
61817 ,, — 2 23 6750: 345 | a 2 54 
619° 69" >= — 4 a 6-51 46 _,, a 2, 35 
6 21836 © 3 2.6 Bi 44 
6 22.35 ,, = Be 39 
G 24-47 |: — 2 38 
6 26° 03-5, — 1 — 

6 26 29 ,, — 2 33 
6°28 03 ,, — zi —— 


TABLE I, D. 


F. Omori : — 


LIST OF THE ASAMA VOLCANIC DISTURBANCES 


INSTRUMENTALLY REGISTERED AT THE ASHINO-TAIRA 


(ASAMA-YAMA) SEISMOLOGICAL STATION. 
SEPT. 2ND TO OCT. eet 1913. 


[A].... VOLCANIC EARTHQUAKE NOT ACCOMPANIED BY ERUPTION. 


[B]....EARTH-SHAKING CAUSED BY VOLCANIC ERUPTION. 


(2a denotes the maximum range of motion, in micron.) 


Date (1913) ees Max. 2a. Total 
and Time of Prelieninacy at Go Domes Character. 
Ocnirence: Tremor, |Longitudinal.| Transverse uration. 
SEPT. 2 sec. be KB sec. 
6 59 25 am. —— 3 2 24 B 
dFO0 S01, —- 2 2 34 Be 
f SOLSSD Se _ 1 1 26 a 
D348. — 1 2 24 + 
704 11 ,, _- 2 2 34 Ms 
i506 17, — it 1 22 * 
ae i pe — 3 3 36 s 
108534 — 2 3 31 3 
SOO CLD =e, — 2 3 23 rs 
TWO 2G mas —- 2 2 24 6 
TAOS ~;; —- 2 2 7A S 
Ue ASUOl ee, — 2 2 36 , 
413 057; — 2 2 33 - 
4 D430 ;, — i 2 21 e 
4 FLD OD © x, — — i 24 3 
TALS 200 Aa, _- 4 3 3D . 
Vaal sop oa. — 2 2 22 % 
130.30 7, — 2 2 19 ~ 
FOL) ee — 2 2 31 A, 
7 OL 20 a5 — 2 2 14 35 
(Exh Siok a A) — 2 2 23 3 
1 2 AES — 2 3 22 A; 
1639.28" 5, — 4 4 45 z; 
10 48 28 _,, — 3 2 24 
LAAT es, — 2 1 16 S 
11 35 48 ,, -- 3 3 18 “4 
SEPT. 3 
8 44 19 am. — 1 a 20 
8 44 49 ,, — 1 1 Ss ” 
8 46 18 — 4 3 41 
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Date (1913) Duration Maxson. 
‘ of 

and ‘Time of Prelintinary'|) hae ee le eS 

Occurrence. Weenie Longitudinal.| Transverse, 
SEPT. 4 as ft : 

6 51 05 am. — 2 2 
SEPT. 7 

7 25 49 p.m. 1.8 10 — 
SEPT. 13 

9 32 56 p.m. 2.8 — 3 
SEPT. 21 

1 45 03 a.m. lite: 18 —- 

1 50 59 p.m. 0.49 93 64 
SEPT. 27 

9 04 15 p.m. 1.2 o4 ao 
OCT. 7 

11 32 33 am. — 4 S 
OcT. 9 

1 09 10 am. 0.52 18 8 
ocT. 12 

8 25 52 am. 0.7 118 165 


Total 


Duration. 


sec, 


Vie 30 


co 


Character. 


B 
A 


99 


39 
B (Strong explosion.) 


A 


B Accompanied by 
rushing sounds. 


,, (Strong explosion.) 


A. (Sensible shock.) 
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TABLE I, E. LIST OF THE ASAMA VOLCANIC OUTBURSTS 
INSTRUMENTALLY REGISTERED AT THE ASHINO-TAIRA 
(ASAMA-YAMA) SEISMOLOGICAL STATION. 

OCT. 15TH TO 22ND, 1913. 

ALL THE DISTURBANCES CONTAINED IN THIS TABLE WERE OF THE [B] TYPE, 
BEING THE SHAKINGS CAUSED BY THE VOLCANIC OUTBURSTS. 

(2a denotes the maximum longitudinal range of motion, in micron.) 

: 7 ? 
Date (1913) sare a Total Date (1913) ae: hd Total 
and Time of | Prelimi- Qa. Dura- and Time of | Prelimi- Pa. Dura- 
Occurrence. a RATY tion. Occurrence. ney tion. 
Tremor. Tremor. 
ocT. 15 sec. K sec. ocT. 15 sec Me sec 
2 41 49 am. — 1 25 4 14 47 am. — 2 — 
DLO? (Sig oe = 1 15 4 15°03 & — 1 18 
Bul6e29. 2 — 2 19 415 42 ,, — 1 14 
3.18 35 ,, — 1 26 416 55_,, = 1 16 
325 40 = 2 19 41749) = a 15 
Doe tal |; — 2 24 2°18 2 — ik — 
D oOelo oc. — Pe 20 4218 331 — 1 21 
3 P00 sone ss — 1 16 41942, — 2 — 
b°41° 25°; — Be — 2.319229" — 1 oa 
3 41 40 ,, — 1 — 4°19 55, — 1 — 
3241 55° -,. — 1 — 4 20 27 — 1 25 
o 4215 ,, — 1 — 4°20 52 ,, —= 2 19 
3 46 32 ,, — 1 — 4 21 38 ,, — We 22, 
3'A7 055 3 — 1 = ripe de he ae —— 1 12 
300 wD =e — 1 12 4 23 29 ,, — 1 13 
4 00 39 ,, — 2 22 4 23 53 sC=~, — 1 12 
4 04 44 ,, = 3 — 425 59 ,, — 2 17 
405 05 ,, — 2 — 4 27 30 ,, — ih — 
4-05 °41.%, — 2 14 4327036 = — 1 14 
4 06 57 ,, — 1 18 427 02985 — 2 15 
4 08 04 ,, ao 2 = AS Leese a 2 23 
4 08 59 _ ,, — We — 433 42 ,, — Pe 28 
ya 09 + — 1 — 4 37 02. ,, — 2 18 
4 10 21 ,, — 3 25 4°38 42 <) — 1 22 
41152" ,. — we — 4 39 53 — 5) — 
A al See as 1 = 44017 ,, = 1 — 
412 57 ,, — 2 — 4 40 30 ,, — 1 — 
4:13 22; — 2 — 440 43 ,, — ye — 
4138 47 , — 1 11 440 57 ,, — 1 — 
41415 ,, — 1 — 44102 ,, — 2 —_ 


WM 
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Total 

Dura- 
tion 
sec 
29 


& SN RNA CO AMAA AN to Oe | meer AN OO HOO OO <H Ss HON A rerAN oO Ss ANSE A 
eg Ak Pi 
° 
es aps 
RE be Pena Re Bikes Gt Wm Be MR Bi aT a ST 7 oa ee FO Ge HS ae eh TAR a SE a 
HA 
Boa a 
ae g Hae Al Se DADA eR eer ea ee caer Le ae Re aaa ris ayes ae RE ley Pt ae ee eS re ae Neo) 
aa & OM 
a8 © BP aeN ee i oho Sh Sy a8 SNS 5 1 <A OS SN BY Oy Be SO ns 1 ace eas A SS SNM oy te a 
oA s SS aaone +HOoOry NI OO <H LO 19 ~DODO& oon OS rt iy ~& © & & co OS rt oD <H woorrt 
AsO 19 10 10 19 19 1M 10 1 10 LO 1 19 10 209 19 19 16 1929 18 19 19 10 1919 10 10 10 19 19 10 10 19 19 10 1A 16 189 18 18 


aN mNION OOo sa AN ret et St resi oD Aree a ss Seed GN ‘eal oe Seal) NI OD C9 ON OD PARANA 


3 

N 
qd nce - 
g re) < 
goa be cpa Me et Oi Perce) aS Os Maa ce eg Sake a 8 A a Wi a I eG et Pea NES 
Am a 
qe 3 pede 8 SS wig ahs copa an Pees Hen RoR S Sa Sen aE cas! Cea ES te Rey tS Se eS fy 
25 AAIDRWOIH CONRAN AANMH S1HSCHMN OMANN PEAONH DOEPUIN HNNM 
SAelts ein ae SCOANH HHADMHO HANAAHTH MHSCHMDM CHHDAH HAHANSH BANDAS 
28 SS. Saa4 SSSSSR SESES SESSS SSSSS SSSSS SSSSS 
fas ae) i i a a sH oH HH SH sH SHH SH SH stot ost st a i i i si UD 10 1 1 19 19 20 19 29 19 19 19 29 10 29 


Total 


n 


Duratio 
of 
Prelimi- 


Date (1913) 


and Time of 
Occurrence. 
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aN OrArs Orem an ArANAN es Arisa raAn 


n nN nN HAW 
ey! ey) AP ee ok 


er? or rus Ee me 2 
n nN nN NH 


Ay A Um el 
EO) OL Le ey 


HN NA RK 
BT TNC ON a Fan, 


" nan nN An A 
NS ee 


TEA CN EA es 
a ON SN CNS or 
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ra gs 

Sas HS Gh Vo a ing ata ge ig OE A Das Sh as ee sl 
& BHAA AN OO ret NO <H OD OD OD <H OO ANAA A NANA A be OOS I oe A ne | OANA Ss S&S 

OL Co ICS Ub aiid ewe ml ae meet wemidr Opligg mn cei) 

Aa za 

sos pi kate oie AE A CAE a Nir, I a) pte Ty ee GT eee eas Ae Ie Pee ce aS 
ao in & 

its Br Aomori HON DOO Hole of lee ie, | 19 CO T= GO oO HO LE & CO Co. <= oS woaoows 
eee pie aaa moon r 1D GD 19 CO © 19d 09) O10 rs metoodo 1.4 estan rat 10 GD GD © 
oH S oeMoonN UG 6 CO <H H19 Ok CO DaHAaodrTcs CI OS <H LO 10 OO-yky DODAaCreH 
Bu 8 O WS 1919 19 1D 10 1D) 19 1 1D 19 29 19 10 1010 Oo Oo Oo ae Gc Serie) coc rréA 

AO 10 19 10 20 0 LD 19 19 19 10 1D 10) 1 10 LD 1D 19 CO CO CO co 0 © © © (leiieRleileR te) © CO 


ANA Ss mrAnrMAN AA A 68 AN OMA 


nan nA NH A AW 
Oo NE ey 


Sr) cd 
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Date (1913) yr ike ; Total Date (1913) oo Total 
and Time of | Prelimi- 2a. Dura- and Time of | Prelimi- 2a. Dura- 
Occurrence. arte tion. Occurrence. nat), tion. 
remor. Tremor. 

ocT. 15 sec ae sec. ocT. 15 sec “ gec. 
7 00 42 a.m. ee Be 33 7 30 52 am. — 2 50 
Ob sau. = 2 a 739,139... aa 5 31 
© 02) 20, — 2 = oo Som. — ao 30 
7 02 40 -,, -— 2 24 340 a. — 1 41 
ts O83 36 — 2 --- Tatas PS. ee — 2 — 
7 04 21 =, — 2 _- 7 361195, — 1 31 
@ 04 59 - ,, — 1 —_ 7 37 06%. — 2 31 
Ons 27s, = 1 = 7 87 54. ,, = 2 re 
weOG: 1G... — 2 — i @xe) 1) ay — fi 18 
7 O07 02° ,, = i = i 39 26, = 1 21 
Oc 19ers ahs 1 ae 7 40, 220 > = 2 23 
oe Oe eae — ye — re 453 108... — iL _ 
7.08305; — 1 24 7 49 22. ,, aa 4 _- 
710i 062... a 6 ans 749) Rise as 9 25 
710139, = D 2 5S) 34a, = 5 26 
711.1394 — D) me Wael cee. a 3 35 
Ae OOM 5, — 1 — Te ee OL) OF 5 == 2 aaa 
(EAE es ee — 1 Pll Tf tate) ZS) a —— 4 31 
flaw lbs ,. — 2 _. S&S: 00}445;; = 1 aaa 
WAS 45° ,, — 2 — fs) (ONE WS) ae — 2 — 
loys. ,, = 1 2. 8 02 34, ae 3 44 
71610 ,, Bs i = 8 03 58, - 2 is 
teal, Avs im — 2 — fo} 02) OA ae —_ 2 Silt 
aie 3s — pe 29 SEO (moons: a 2 — 
Hiei s0ae., =" i a 8 0819 ,, a 2 26 
Toisas, te 2 e. Be 114 05m. ae 2 ba 
7FA91300 ee 6 oe 8 11, 96)., - 2 28 
140 CS fee — 1 — Selor2oue. = 2 =e 
72035, ue 3 aS 8 1358 ,, Za 3 38 
7 2108 ,, Le 3 ms Sis 06k se 2 20 
veal oes — ue — Sz1bs508 5 —— 2 oo 
Te 22a i — 2 ll Ome abe. — 2 — 
(ja 0Sae.. — 2 38 SalonQouess —- 2 27 
oot es — 2 _ 45 SalSi 4a a — 2 21 
TPA GY) - ws — 2 38 SelOp1 Geers — 2 34 
(26. 45: ;, — 2 50 8 20 04 ,, — 3 _- 
fe dbo tee 5 — 3 B19) 8 20.26: ,, = 2 — 
e295 090*., — il — co) Pal aly ye —_ 2 == 
420842, 5 — 2 ao Seo Soe. — 2 36 
Po) oo — 3: — S22, 24a Ss = 2 — 
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Date (1913) 
and Time of 
Occurrence. 


OcT. 15 


8 22 49 am. 
8.25 116 &,, 


nary 


F. Omori: — 


Total 
Dura- 
tion. 


Date (913) 
and Time of 
Occurrence. 


Duration 
of 
Prelimi- 
nary 
Tremor. 


Re Sb Re SE 


bo bo CO bo bo 


Co Co bo DS bo 1 NO NS NO NO 


bo Go to bS DO 


bo bo bo bo bo bo bt bh db Lo NO NO NO 


DOOM M (0 one ee) 
or 
op 
iN 
(=) 


WOmowwore Owmwo woe HOO Ow Neiiewleileiic) CO OHO OO OO 
pt 
= 
(=) 
Or 


DPDNMNMNW WNHFEDPD NPWNWNYED NPKODNW DHE 


bob de bb 


bo bo = bd bo 


bo bo bo bd bo Co bo bo bo bo 
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Date (1913) ear Total Date (1913) ease Total 
and ‘Time of | Prelimi- Qa. Dura- and Time of | Prelimi- Qa, Dura- 
Occurrence. ies tion. Occurrence. TARY: tion. 
remor. Tremor. 

ocT. 15 sec M sec. oct. 15 sec bw sec 
9 20 16 am — 1 — 9 438 06 a.m — 3 =* 
2003.0. 4,, — 2 — 9°43 49%;, — 3 — 
O29 2s, — 1 = O44 2G6=".. — 2 et 
Ceti pase., — 1 ae 945-1279; — 2. = 
D2? OC, — 2 = 9-45 48%, — it = 
Oe OT 3, — 2 nee GEAGALY t,. ce, 2 =e 
0225-15) %,, — ye =: oe Ol Se. — 1 — 
924 20 .,, — 2 =* Oral DG =, — 2 = 
eo O25) ,, — 2 — TEAST Oo es, — 3 eos 
So 250D0) -,; — 2 =o GE4AS OF e, — 2 — 
RIG, — ii — 950208 es:, — De = 
9-26 47. ;, — 1 a 50° 267%, — 3 a 
Oe Ae O28... — 2, — Sth Es05 a; — 4. 41 
DEL UO es; — 2 — OF SZ on a: = 1 — 
Or 2702: 3}, — i soe aay Os — 4 — 
9 28 35 2, a= 2 = Dog, 2eme,y — 3 — 
925 58. ,, — 2; — 9 53.0674,; ee 3 
929 12 ,, -- We = Or fo laae.. — 3 — 
29°33 %,; — Pe — On 543) hs, = 1 — 
9°30 06 —,; — 2, — ye — De — 
9 30 38 ,, —- 2 — Stn Wie — 2 — 
ie bern, — 2 — S560 ,; — 2 — 
9 32.07 4,, = 2 es 9-56 44°%,, — 2 — 
9: 32.46" %,, — 2 — 9-57-4079, — 1 — 
33° 86 %;, — 2 — 0-55, 04, 45, 6.8 3 27 
Grado. a 2 ao 9 58 42 ,, 9 2 sas 
9 34 41 ” Pal 2 = 9 59 40 >» —s 3 == 
930 19%, — 1 ae 10 00 15_=—=é4, — —- 
DO: 36 DO .,, — 2 — 10-01 16-4,, — 2 — 
Gr 365 23-7,, 6.9 4 — 10.02 02 ©,, — 1 -— 
9 36 46 ,, — 2 — 10: 02 51 |,, — 2 — 
OT ean, « — 2 — 105 03°06, — 3 34 
So 37-36%.,; _- 2 — LOR OSepive., — 2 —- 
9-35 23>, a 2 — 10°04, 08 *,, — 2 — 
Decor rt a: — 2 — LOLO4e 30s: — 3 — 
OF S993 8.5 —- 2 Bye 10 04 50 ,, — 2 — 
9 40 24 _,, — 2 — 10 05 25, i 2 © x 
9 41 00 ,, — 2 — 10°06 35°4,; — 2 — 
G4150° =; — 2 — 10 06 47 _ ,, — 3 — 
9.42 30 — 2 = LOL OV RIG; — 2 —- 


| 
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—_—————— [SS 
Date (1913) bce Total Date (1913) doen 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- 2a. 
nar 4 nar 

Occurrence. Teetine tion. Occurrence. ona 

OCT. 15 sen. * sec OCT. 15 sec bt 
10 O7 55 am. nes 1 — 10 34 32 am. ast 1 
10 08 28 ,, — 2, — 10 635-34 = — 2 
10.09.11 4; — 2 — 10 S6.3b) 3 — 2 
LOSOO SD 15ae — 1 — LOS (20 oe. — 33 
10 10 09 -,,, = 4 30 10237 400 8, — 1 
LOT Oia = 2 — 10°38 147-6 — 3) 
LUD lo = 2 27 10 38 55 _,, — ik 
10022 a 4 -— LO0eROS Lo ee — 1 
10M 4) — 2 — 10240539) = — 2 
10714 03° .2 — 2 — 10 41 44 ,, uel 3 
10-44 550 — 3 — 10-43-01 ae — 3 
10/1535 — 2 — 1045.19 — 2 
IGAG AG: — 2 — 10.43 40 .,,, — 3 
LOT abe — Re —= 10 44 44 ,, = 2 
LOBOS oe, a ik = 10 47201 ae — 2 
10518107 o as 1 — 10 48 167 © — 2 
10 18 49 _,, = 2 — 10 50 16 _—z, 5.5 2 
10 19 44 ,, = 2 — 10 50 51. =a, — 3 
10 20 33. iC, 4.5 2 — 10 51 28 C=7, — 3 
10 2107 ,. e. 2 ¥. 105147 a 1 
10 21 34, = 2 Ka 10 5219 ,, = 1 
10 2213 . Cs 2 as 10 53 22 = 1 
10522 DO. & — 2 =a 10 54 01 ,, oe 2 
10 23 32 .. ue 1 a 10 54 34 = 2 
10 23 57 ,. = 2 af 10 55 34, Be 2 
10 24 23, = 3 a 10 56 37 &, = 2 
10 25, 11 & —— 3 — 10 57 27 =, — 3 
10 25 51 = ,, — 2 — 1053 27s — 2 
10 26 39 . a 3 es 105949 = 2 
10 27 04 _,, = 3 34 11 00 33 = ,, — 1 
10 28 12 ,, — * — 11 01 45 &, — 1 
10925.533" 2. — 2 36 11 02 04 ,, — 2 
10 2997 ,, a 1 = 11:03 35, ., = 2 
10 30 00 ,, = 3 34 11-04 38 ,, — 2 
1023055] 3; — Be — 1 Dost ee = 1 
10 31 513 ae. — 2 — 11°05 31.8 — 2 
10 31 44 es 2 Ee 11 06 08 = 2 
10,32 48. — w — 11506 36 &: — 1 
10 33 44 «,, a 2; — LISOF (vase — 1 
10 34 00 .,, — 2 — 11-08" 0% 8, — 1 
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Date (1913) pe ie Total Date (1913) ois Total 
and Time of | Prelimi- 2a. Dura- | and Time of | Prelimi- Qa. Dura- 
Occurrence. nea tion. Occurrence. nary, tion. 
remor. Tremor. 

oct. 15 sec. be sec ocT. 15 sec ju sec. 
11 08 21 am. ae 1 — 11 46 32 am — 1 — 
Th.09 40 ,, Dee 3 — 147,24"; —— 4 51 
ee LOS Tae — it a TR 45), 51. — 1 — 
TiS GeD oy os — 1 — Tio) 09, — 1 — 
Ts Tie 34%, — 1 — AWS OS eee —- 2 = 
Lisl 50) ,, —_ 1 — EL b0e13" 5, — 1 — 
Tie. AT «., — iL — Tee 10a — Je — 
basis 16%, a 1 ee 11 52 50 ,, es 1 ac 
pie laeol *,, — 2 — Li boeooe.; — 1 — 
Ue 16.405, — De — 1l 54 28 ,, — 2 — 
PIetG. oolk,: --- 2 — LIPS. sor, — i — 
1118 41 sa, — 2 — LE 56.268. ,, — Me — 
11 20 08 ,, — 2 — TE. 5655475, — il — 
Tt 90 41 ¢, — 1 — Uo meoe.. — i = 
1 DA bet ay oe — 3 OT Vi eats CU ae — o) — 
Ut 21 58.5) — 2 — Le58eoG7 — 3 — 
1 23 02° ,, — 1 — TL 59° 08-5, — 2. —- 
11 23 44 ,, — 2 = 1ht SS oR. = — He — 
1i 24 12 ,, — 1 — 0 00 06 p.m. = 2 = 
1} 24 53 C==, — 2 — 0 00 32 ,, — 1 — 
E2532) |; — 1 = 0 01 04 ,, = 1 ee. 
11 26 19 ,, aad 1 w2 oO Olest SS 3 ws 
te 27 3G" ,, — itt — 0 02 49 ,, — 2, — 
TEs 50! 82), = 1 = 0 03 25 ,, Se 2 ie 
1 30 58 5; — dk — 00416 ,, — il — 
T3255) 2, — 1 — OG. 05: OG8";, — Be But 
11 34 10 ,, — 1 —— Q 05-47 -;, — 1 — 
11 34 52 ,, = 9 sl 0 06 14 % oe 1 a 
11-36 34 —,, — 1 — 0 O72 158, moss 3 —— 
fie coe laa s — 3 42 O- OF 438) 5 = 3 — 
1. A — 1 — 0. 08° 3L-,, — 2, es 
He 39. 477 3). — aL — 009° 23 -,, — 2 — 
PSA TSE. oa 1 — G. 09s39 — 2 — 
11 40 54 ,, —— 1 — O-.10- 005 &, == De = 
A149 OF — il — G 10747—,; — pe — 
14 £2) 435: — 2 — UlLEOSm.. — 2 — 
Eipase 16. 2, — 2 — O11 43 =C=, — 2 — 
11 48 44 ,, — 1 — OQ 12545, = 2 — 
1) 44,36, — 1 — ake A a= , — 
li 46 45 |.,, — 2 45 0 14 28 ,, — 3 — 
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Date (1913) 
and Time of 
Occurrence. 


SS. Sore eae ies) ea) SS SSS See SS Soo So S'S 


oOo oS 


ocT. 15 


15 O1 pm. 
15 M9. s 
86.42" > 
46 49 
i 


EBs ee”) ra 
19°09" 75 
19 2675 
20027 
ANAS To. 


nary 


F, Omori :— 


Total Date (1913) 
Dura- | and Time of 
tion. Occurrence. 


Duration 


bo bo He bo bow eH & bo BE bee bo Bee bo me dD oo GO bO G9 © bo bo LOR 


bo eee 


OCT. 15 
= - 0 42 38 pm. 


ee fet fed ped pet fet a See EO Sooooe 
bo es S Ss on 
or ~J a oD on 
eo On On on on 
S NS) fon Oo BD 


fed pet fed fet 
oy) 
Hr 
on 
TH 


SPE bre » DNDHE Dee be bo bo HH! bo Se eee eH bobo DHF 
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eee EE 


Date (1913) cee Date (1913) get Total 
and Time of | Prelimi- Qa. and Time of | Prelimi- | 2a. Dura- 
Occurrence. 7 Occurrence. tS tion. 
remor. Tremor. 
oct. 15 sec, be oct. 18 sec. K sec, 
1 45 24 p.m. — 3 4 40 58 am. —_ 3 19 
G 26 56" ,, -— 2 
10 4813 ,%) 0.5 35 OCT. 20 
10 44 31 am. — at 33 
ocT. 16 
1 39 08 am@; = — 4 OCT. 22 
8 55 42 am.) 1.0 28 104 
OCT. 17 
3 27 47 p.m.®) — 66 


(1): strong explosion; the transverse max. Qa=2lp. (2): the transverse max. 2a,=3p. 

(3); A a5 38h. (4): 

(5): ” ” 21. 

On Oct. 18th, at 0.24.18 am., there was an unfelt earthquake shock, of the following elements of 
motion: dur. prel. tremor=0 sec.; max. longitudinal 2a=4y; total duration=5 sec. 


” Su. 
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TABLE Il. LIST OF THE ASAMA VOLCANIC DISTURBANCES 
INSTRUMENTALLY REGISTERED AT THE ASAMA-YAMA 
(YUNO-TAIRA) SEISMOLOGICAL OBSERVATORY. 

MAY 1ST TO OOT. SIST, 1914, 


[A].... VOLCANIC EARTHQUAKE NOT ACCOMPANIED BY ERUPTION. 
[B]....EARTH SHAKING CAUSED BY VOLCANIC ERUPTION. 


(2a denotes the maximum range of motion, in micron.) 


ie Time ch Xai Max. 2a. Total 
noe of Prelimi- ales aa Dura- Remark. 
) Occurrence. ieee tudinal verse, ton. 
ee 
sec. be Mu sec 

MAY 5 0 24 51 am. ae 2 — 12 B 
EO Sines ae ae 1 a 18 can 
2, 033 03743 0.55 176 192 171 B (Strong explosion.) 
i 08855 | a 9 = 130 
‘ ih liens a 1 ee 16): Shee 
14 Aaigala ee, — 1 — 16 = 
: 508 57 » es 1 ae L7aae 
15 D055 plows 0.5 10 14 43 A 
18 7 10 44 - 0.5 22 20 7 ns 
19 6 05 55 = 0.0 12 6 3 A 
D4 |= 081 58 a, 0.7 67 70 25 als 
: 022 31 2 0.7 59 56 20 mle 

JUNE 7 6200) aio ee 0.25 AT 38 16 oA 
14 8 01 35 p.m. 0.0 14 16 — +5 
15 7 00 05 am. 0.8 26 20 53 A, sensible. 
20 9 55 58 p.m. 1.4 11 3 17 A 
21 8 26 51 am. 1.8 22 17 34 B 
i 8 35 36, 17 19 14 330 
"4 0 34 34 pm. 1.5 3 ? 18 - 
i 0 51 33 a 1.4 2 2 20 4 
ns 5 41 50 ,, 1.0 5 2 16 gue 
as 6 16 12 ze 1.8 6 3 25 eS 
mel 26 Beaa ae = 3 3 Osi 
bs 6 58 35 2 0.9 3 3) 21 a8 
= 7 00 55 as 1.8 4 2 20 a 
7 01 55 ss 1.5 3 — 15 is 
ee 7 02 16 Ae — 1 — 18 a 
- 7 03 34 . — 1 1 20 Re 
23 4 26 01 es 0.8 10 6 34 A 
20 2 29 18 e 0.75 81 48 23 A, sensible. 


Se a eee 
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Time Duration Max. 2a. Total 


of 
Date of Prelimi- |——————_—————_|_ Dura- Remark. 
(1914). nary Longi- Trans- : 
Occurrence. Tremor, | tudinal. | verse. tion. 
sec. B Bw sec. 
JUNE 29 4 53 18 p.m 0.7 19 10 11 A. 
JULY 6 Brod 150 0.0 15 8 aa at 
a 2 34 20. ,, 0.0 5 4 aaa te, 
10 4 56 59 am. 0.8 19 14 25 + 
11 one, DAN 0.5 34 22 10 
Sensible; accompani- 
14 TA 2ih 09 Uae: 0.6 22 26 26 vee Rae 
s 943 30pm. | 04 68 76 LOM FATT ae ais talline! of 
17 2 Seo Lea 0.9 18 — 7 A a heavy body on 
95 0 21 24 am. as 2 2, 11 B the ground, 
AUG. 6 8 54 10 p.m. 0.35 2 1 5 A 
3 8 5418 ,, 0.35 22 12 13 ba 
12 9 48 30 am. 1.0 40 25 26 ye 
20 ~* 2 45 03 p.m 0.0 16 5 5 Fe 
25 LRA hte: 0.24 27 24 — *: 
ee rigs 00 og 9 10 ae ie. 
26 2 22 32 am 0.0 24 10 8 Mi 
ts 64546 ,, 0.3 15 ue Ge 
28 0 28 34 p.m 0.0 24 — 6 - 
29 405 26 a.m 0.56 40 _ pares oe 
if Via eae 0.65 30 5 ie le. 
SEPT, 7 eae 5; — 2 — 22 B 
13 3 04 46 p-m 0.3 77 90 24 A, sensible. 
16 9°37 40-*,, 0.3 50 35 15 es te 
20 O09) 30 ,; 0.5 8 5 24 B 
21 6 42 14 am 0.3 11 — 3 A 
4 0 43 10 p.m. 0.0 9 — as Be 
se 0 43 57 ,, 0.0 15 — 4 rs 
22 Ob AL. — 12 — 4 Me 
F 9°52) Olea. 0.4 49 a 13 A, sensible. 
29 Lisi Oa 0.5 7 — 4 A 
OCT. t Sa 0455 tees; 0.0 29 — 6 Pe 
8 3 21 35 am 0.6 50 — 15 A, sensible. 
Fe ce Oono Lat 0.5 60 = 16 " rf 
< 41277 ;, 0.5 35 — 16 rs 3 
- 5 24 13 p.m 1.2 14 — 25 B 
14 7 37 28 am 0.0 37 — 5 A 
2 8 02 25 ,, 0.0 20 — 10 p 
16 Gel) 402: 0.0 25 — 25 - 
Bi 8 40 07 pm 0.0 15 — 15 - 
22 0 41 44 am 1.8 5 3 23 B 
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Date 
(1914). 


Time 
of 
Occurrence. 
8 36 06 Pm 
5 038 25 am 
739 04 ,, 
7 46 41 pm 
11 27 22 am. 
lil 327 Goode 
1 22S elo 
14 231 Edo: ee, 
114.6 Bbo ee. 


» F me oF. ae i 
‘ie ear ye Oe St. 
-* Patt.) Ss a 
hr i ; 
+ 
ve 


nh 
ae Max. 2a. | —- 
pes Remark. 
nary Longi- | Trans- ; 
| Tremor, | tudinal. | verse. 
sec. be ~ - 
0.57 NO” UAT A, sensible. © 
0.4 3 3 . 
VEE 2 2 oF aes ae: 7 
0.7 27 28 A, sensible. 
1.3 4 =, L hoe fees: 
aA 1 PY ” 
0.9 4. — s 
re 2 a ” 
0.8 2 se 5 
oa A ee a 
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TABLE tll. LIST OF THE ASAMA VOLCANIC DISTURBANCES 
INSTRUMENTALLY REGISTERED AT THE ASAMA-YAMA 
(YUNO-TAIRA) SEISMOLOGICAL OBSERVATORY. 


MAY 18T TO OCT. 31ST, 1915. 


[A].... VOLCANIC EARTHQUAKE NOT ACCOMPANIED BY ERUPTION. 
[B].... EARTH SHAKING CAUSED BY VOLCANIC ERUPTION. 


(2a denotes the maximum range of motion, in micron.) 


Each of the disturbances marked with an asterisc (*) was an earthquake of origin 
situated, not directly under, but at some short distance from, the volcano. 


wee Time pean Max. 2a. Total 
| of Prelimi- }—————————_| Dura- Remark. 
(1915). nary Longi- Trans- . 
Occurrence. Tremor, | tudinal. | verse. tion. 
sec. be m sec. 
MAY 3 2 56 45 p.m. 0.6 67 55 — A, sensible. 
4 118 50 am. 1D. 3 2 23 * 
10 10 59 42 pm. 0.45 13 8 29 A 
ch 8 40 59 am. 0.45 28 — 31 s 
ts 9 00 26 ,, 0.4 38 — 34 Z 
x 3 23 25 p.m. 0.4 35 — pay LY 
15 10 08 40 ,, 0.4 19 6 11 a 
17 8 34 35 am 4 6 3 16 *% 
22 5.45: 39 - ,, — 2 — 18 x 
e 4 51 34 pm 0.0 4 — 4 A 
27 5 17 26 am 0.0 28 — 10 ag 
29 6 30 55 p.m 0.45 53 — 25 "2 
JUNE 3 9 42 87 am 0.0 37 30 Ry 
rd O55 S80 ,, — 1G — 10 ¥ 
a 10 04 06 ,, a 11 — 4 * 
4 8 28 50 p.m. — 4 — 5 ‘s 
Pr FS OAS | a 5 Sie 0.3 112 82 A5 A, sensible. 
6 Aple Sie, 0.34 43 29 24 i % 
13 4a 20) S4EP: 0.0 24 19 5 A 
16 10 44 29 am 0.2 152 70 43 A, sensible. 
a 1L.09) 33>, 0.2 13 — 16 4 if 
m 1 42 56 pm 0.3 19 — tt Me _ 
18 Pn Ole 25m... 0.5 67 38 200) a: a 
20 8 07 21 am 0.8 43 37 35 A 
2A eS. Lora dee 0.47 38 19 $ 
0 27 22 p.m. 0.58 40 43 21 A, sensible. 
30 ToL Ole; 0.43 73 50 9 4 ss 
‘4 Toole Les, — 9 — 8 A 
JULYee E fe O20 ater tm Os 24 = 10 \ 
4 5.47 48; oe 18 13 25 te 
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Time Duration Max. 2a. Total 
Date of 
ee of Prelimi- eS ea eal Dura- Remark. 
4 Occurrence. Tene tadinal. sei tion. 
sec, be pb sec 
JULY 7 0 20 28 am. 0.38 Mas. = 23 A, sensible. 
9 FA RNS ak — 58 57 — a p 
“ 2°47. Dla — 38 35 — 
4 2 4743.55 — 12 a —— 3 
* DO L9 56 wie .2 7 ‘Se 9 e 
* 10 28 13 p.m. 0.4 16 10 J) .: 
14 1 25 40 a.m. 0.35 47 48 23 A; sensible. 
4 146 (3845, 0.4 38 35 oD “A * 
= AT 710 50 7: 0.53 1388 106 90 % 
15 11 S0ao es. 0.5 33 30 13 5 
16 0 16 31 p.m. O55 q — 10 A 
17 1 49 34 am. 1.9 25 = 44 * 
3 10 41 14 pm. 0.5 16 ae 7 A 
18 915 54 am 0.3 43 = — - 
As D 16 007 ae 0.0 50 — 21 A, sensible. 
Pe 8 04 29 pm 0.86 81 100 72 pS 5 
19 117 05 am 0.3 29 — 21 x ss 
24 10-731 716 Ge — Fy eae 6 
29 11 29 29 p.m 0.8 9 are 8 . 
AUG. 6 3 55 44 a.m 0.0 45 — 15 , sensible, 
7 bad rod 0.28 48 — 11 S 3 
9 2 Al LD oe 0.6 49 ated 26 Es :; 
19 5 30494) 0.9 41 — 13 % % 
A 9 40 49 pm 0.6 2 = 5 A 
hs 11 67/383, 0.5 4 = 24 - 
21 b’4500L&,, 0.5 60 = — A, sensible. 
ie § 43°23 95 — 17 = 9 A 
24. 8 54 44 ,, 0.5 56 46 65 A, sensible. 
25 8 2400.4... 1.4 4 1 24 * 
26 9 03 48 am 0.7 4 5 27 * 
28 9 35 08 p.m — 2 2 21 * 
31 7 42015 2% 0.53 75 60 30 A, sensible. 
a LO L780 eee — 2 — = * 
SEPT. 1 112334, 0.6 128 63 40 A, sensible. 
‘, 11 -O6 425 Se 0.4 44 38 25 ss . 
2 D042 V4, 0.5 122 78 — 45 
= 2 a2 (OOM, — 13 = — A 
s 2: 43 02.7, — AT 29 — A, sensible. 
x 2 aol 2s, == 29 27 — ; + 
=. 13 13 — 


The Eruptions and Earthquakes of the Asama-yama. V. 319 


ace Time acowetag (yi EC eyes Total 
(1915) a vet Tenet riange Dura- Remark. 
Occurrence. Panes tudinal. verse. tion. 
sec. le sec. 
sppr, 2 | 24335 pm | — 59 93 Bie WY Ae Aeunible: 
= D4 oval aes — 22 20 — A. 
. Dy Ada Oe. 0.5 33 ous 13 A, sensible. 
5 7 27 25 am, 0.3 29 a 21 A 
o 10 50 25 p.m. 0.5 555 990 285 A, sensible. 
7 10) 53.20% 4, 0.7 8 5 10 A 
11 3 21 21 am 0.4 10 10 19 c 
SV. BOY aen 0.3 72 62 39 A, sensible. 
a Oa aes 0.3 2 1 — A 
a Sr raer2oe — 53 = 28 * 
17 11 04 08 p.m 1.6 10 4 30 * 
f; L105. 00; G, 3. 9 3 Do 3 
18 9 00 26 am 0.6 31 27 — A 
+s 900-32! .,, — 154 100 90 A, sensible. 
19 9,25): 28.. 5; 0.45 239 145 —_— ¢ 2 
i m2 451",, —- 18 7 = A 
2 Gr Bh 52° 5; — 133 65 ate A, sensible. 
e ete 24) -., 0.6 136 58 25 tM 3 
A 10 58 44 ,, 0.75 6 5 17 A 
uu 14704 27, 1.2 3 i 18 x 
a Los: 40> 5; 0.65 28 25 14 A 
20 0 59 O00 p.m. 0.52 39 = 20 A, sensible. 
OocT: 2 O42 OFS, 0.56 5 2, il A 
4 5 06 50 am. 0.7 7 oe 15 i 
Ls 0 32 58 p.m 0.6 14 5 20 .: 
9 LOPS TL OGEs,, D350 71 52 22 A, sensible. 
10 LOG48i. SON 5, 0.0 40 ae 35 A 
* 11 44 29° ,, 0.0 365 = 120 A, sensible. 
12 DabdOt Beal. ss 5 10 7 18 % 
18 9 04 52 am 0.5 57 == 18 A 
Be 2 43 40 p.m 0.0 125 = 22 A, sensible. 
x 2-47 3i.-;, 0.0 25 25 9 A 
23 GE oUs=.. 0.35 15 6 8 as 
x GE3a Lae. 33 0.35 113 an 28 A, sensible. 
25 4 23 11 1m 1.7 51 47 68 Sensible x 
. TOR 2G Ean. 0.0 9 — 10 A 
B 7 45 25 p.m 1.2 22 — 35 * 
26 4D Ales, 0.48 75 — 13 A 
29 4 46 53 am. 1.2 20 18 Bo * 
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TABLE !1V. LIST OF THE ASAMA VOLCANIC DISTURBANCES 
INSTRUMENTALLY REGISTERED AT THE ASAMA-YAMA 
(YUNO-TAIRA) SEISMOLOGICAL OBSERVATORY. 


MAY 1ST TO NOV. IST, 1916. 


[A]....-VOLCANIC EARTHQUAKE NOT ACCOMPANIED BY ERUPTION. 
[B]....HARTH SHAKING CAUSED BY VOLCANIC ERUPTION. 


(2a denotes the maximum range of motion, in micron.) 


Each of the disturbances marked with an asterise (*) was an earthquake of origin 
situated, not directly under, but at some short distance from, the volcano. 


Time puece Max. 2a. Total 
ae | of Prelimi- ae Ecos Dura- Remark. 
: : Occurrence. Tee ealinal verse, tion. 
sec. be Me sec. 
MAY 4 0 47 19 am. 0.0 18 — 13 A 
8 9 3008 2, 0.5 167 168 53 A, sensible. 
16 A'038-23 ,, 0.5 15 5 10 A 
le 4.03 34 ,, 0.0 15 15 10 nae 
_ 4 08 42 _,, 0.3 23 a 5 * 
18 10 Ab F438" 1.4 18 — 60 *% 
20 0 49 18 p.m 0.2 25 a 12 A 
23 DOSS 0.3 6 = 12. t 
25 G 22°58 Vf) 0.0 33 2 A = 
26 6 O7 18 am. 0.4 67 35 25 A, sensible. 
6 42 42 ,, 0.25 15 4 A 
29 11 47 40 pm. 0.5 8 aot 15 A 
30 5 15 49 am. 1:3 10 ee 27 eS 
7 11°14\43 pm. 1.2 17. = 34 * 
JUNE 5 9°05 53 Oe 0.5 23 13 20 A, sensible. 
20 11 45 33 am. 0.5 28 13 13 A 
22 10 56 47 _,, 0.5 25 a 4 
24 Vb 9. Oe — By. — 28 i 
ie 3 b3 325 OF, — if — 6 <i 
JULY 4 0 22 19 p.m 0.57 75 92 68 A, sensible. 
) 23 ob oe 0.338 133 86 74 Le . 
10 3 57 28 am i) 8 8 — % 
%. D1 eae tes — 4 4 40 * 
13 10 23 28 p.m 0.2 17 6 4 A 
15 S552 o0 ane 0.6 173 145 — A, sensible. 
ri Sisco ae = 293 142 — ts , 
if 85309 ae 0.7 35 ay — A 
20 8 36 49 am. 12 28 23 67 Sensible x 
21 10 56 O1 p.m. 1.3 39 43 55 Sensible x 
26 ee Wathe Up peas tas 0.4 8 7 20 A 
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caren Duration 
Date Time of Max. 2a. Total 
of Erelimis |__| Dura Remark. 
(1916). nary Longi- Trans- : 
Occurrence. Tremor, |. tudinal. | verse. tion. 
sec be & Sec. 

JULY 27 1 15 00 am. — 2 1 6 A 
a PIs 20.",. 0.5 21 20 — A, sensible. 
es 115 22 ,, — 23 25 — es 
* Bis 2h *: — 9 8 a A 
3 ie Li 298 —- 155 120 85 A, sensible. 
“i a LO VG = — 1 2 — A 
if 210 28 ,, — 2 3 — My 
re ma LO 33P — 8 7 9 i 
fe 9 54 49 pm 0.9 6 — 14 1 
28 2a be Lee : 5 — 4 ¥. 

AUG. 2 5 27 OF p.m. 0.6 43 25 — % 
ee MAA — 25 12 20 *! 
3 46088 ,, 0.6 12 10 10 v4 
5 3 30 03 am. 0.5 14 10 10 . 
10 2 50 27 pm. 0.8 15 10 18 * 
15 5 51 10 am. 0.4 60 50 } 6 A, sensible. 
s S68 136 ,, — 7 10 A 
Vs te4a 20% -,, 0.8 130 130 80 A, sensible. 
a ‘4 oa LOr, 0.6 130 65 90 » = 
3 8 45 85 p.m 0.6 50 72 80 * fs 
17 Sele 23% |; 0.5 150 90 20 i + 
% cp bens evel 3 0.3 38 30 4 A 
. S136 546", 0.5 22 45 13 y 
21 144. 1987, 0.7 8 8 8 + 
24 10 19 24 am 1.2 5 3 18 * 
25 10ets 54-2 7 0.5 10 — 8 A 
30 0 08 10 p.m 0.5 13 10 7 ‘ 
is hou 43h 0.6 60 50 10 A, sensible. 
ai 0 28 48 am 0.0 16 17 _- A 
3 0 28 50! *,, 0.0 10 — — 3 
33 0 28 51 ” ra 13 8 = ” 
ee Os 2 bon? 0.5 68 45 — A,. sensible. 
pe 0.28 5907, 0.5 41 47 — ¥ 3 
0 29 04 ,, — 159 133 28 - FF 
pe OF 25° Sor. 0.5 26 14. 10 A 

SEPT. 1 10 55 58 —,, 0.3 5 5 6 . 
Ag Lipa 1Onee 0.5 10 14 11 Fe 
S Lig 2ty Ls 0.4 35 28 42, A, sensible. 
* 0 25 35 pm 0.2 11 11 12 
4 OF45 39° ., 0.2 9 13 8 R 
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Date Time Ngee Se Max. 2a. Total 
of _ | Prelimi- -—————_—————_| Dura- Remark. 
(1916). nary Longi- Trans- : 
Occurrence. Tremor, | tudinal. | verse. tion. 
; Sec, be fb Sec. 
SEPT. 1 0 45 55 p.m. 0.4 7 3 8 A 
a 801) 22 5, 0.6 82 82 54 A, sensible, 
4 9 48 56 ,, 0.5 37 30 B50 8) it ‘ 
i 10 34 24 ,, 0.4 6 5 6 A 
3 6 23 49 am. ut 6 — 7 . 
a 1120' 08-.,, 0.8 11 — 13 ‘2 
4 3 02 14 p.m. —- 2 2 6 c 
A SO2n27 ee, -— 3 2 6 3 
a 3 03709 5s, 0.6 37 25 16 A, sensible. 
es 3 05) 23 %,,, 0.5 88 68 53 .- * 
A DAgoLoo: &, — 4 3 7 A 
as 5 41 54°05, 0.4 7 6 9 
a 5 42 03 Ca, a 4. 2 6 . 
‘ 5 42415, --- 7 3 10 5 
Dobe is, “= 19 16 10 a; 
h 5 4405 ,, = q 5 6 , 
u 5 MAS Lee. 0.4 7 3 6 > 
f; 5 44°23 OG, 0.4 2138 185 — A, sensible. 
4. 5 4 50 Gee 0.0 39 24. 23 A 
cS Db eLOE26 Os - 3 1 10 Hs 
,. SD Ono d Ua 0.3 6 2 5 "4 
4 5 GED a, 0.3 75 75 14 A, sensible. 
. SM7i1lee am 7 4 9 A 
b, fier eh PS, 0.6 25 11 10 s 
% 728 47 ,, 0.5 OL 21 17 A, sensible. 
F 1229004 Oe; 0.3 51 38 12 ) a 
_ GABSEO4 Vee — 7 2 6 A 
‘i 918 26_,, 0.3 6 2 Boa | 
5. 103.1950 Fe, 0.5 af 26 41 A, sensible. 
% 10 A341 ae 0.7 51 34 42 : % 
6 il 723 633.008, 0.5 12 5 6 A 
A 1/2420. 3; 0.4. 135 108 28 A, sensible. 
if 112765045. 0.3 39 42 10 : 5 
8 A Told Bie: 0.7 20 24 12 
a A 2)29 Ce: 0.6 23 1G 30 "4 
9 1 143° 26 FS 0.6 A? 12 12 ry 
13 5 18 46 am 0.7 70 85 37 A, sensible. 
6 3 24 38 p.m 13 52 34 29 Sensible x 
14 9 37 36 am 0.4 19 — 10 
15 9 56 48 p.m 0.7 54. 32 78 A, sensible. 
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Date Time eres Max, 2a. > Total 
of Prelimi- : Dura- Remark. 
(1916). nary Longi- Trans- : 
Occurrence. Tremor. | tudinal. | verse. tion. 
sec. le fe sec. 
SEPT. 17 6 20 47 p.m. 0.6 65 53 23 A, sensible. 
21 oe06 402° ,, 1.3 56 47 114 Sensible . x 
" Ai A355, 1.3 40 29 107 Sensible x 
He: 4 28 26 ,, --- 8 6 * 
22 1.21 46 .,, -— 22 13 18 A 
25 2 44 52 am. 1.3 13 Sa! 34 * 
Pe 3.31 28° ,, 1.3 15 -14 39 * 
26 6 31 23 p.m. 0.5 4. -— 8 A 
27 2 35 16 am. 0.7 63 57 28 A, sensible. 
28 9 59 06 pm. Ass 7 i? 6 A 
ocT. 1 5 O7 31 p.m. — S 3 14 - 
2 6 56 26 am. ee 2 2 73 B 
‘8 10 18 24. ,, - = 6 Da 6 A 
Ss 1 55 29 p.m. -- 1 1 44. B 
~ 10.53.27 ©; 0.6 6 3 6 A 
4. 3 49 16 -;, 0.0 Lig’ — 14 i 
5 6 20 O1 am. 0.8 44 38 12 A, sensible. 
» G2013: ,, 0.65 40 36 15 st 3 
3 6 20 28 ,, — 7 7 — A 
3 6 20°58" ,, — 2 2 — os 
Fe, GAZE 12; —- 2 3 — 
8 GEZt 3a l 5, 0.65 44. 50 33 A, sensible 
i 6 22 06 _,, — 2 — — 
pf 622 43 ,, — 3 2 — ‘a 
29 6 22 58 »” = 5 4 ae ” 
ae 66240 O03 — 2 1 — 3 
Rs 6124 Qe =. 0.7 13 18 — a 
FF 6 24 50 ,, — 5 4. ae a 
i 6°25 04 ,; — 2 is = ” 
"3 6-25 bike: 0.75 13 is — 3 
5 6-26 Vie — 995 ads a A, strongly sensible. 
ce) 6 26 48 2 era 18 ie eo A 
- 2G S0b* 53 _- 26 — — A, sensible. 
99 6 27 57 ” See 6 a il ” 29 
” 6 28 21 ” aa 27 ee ee. ” ” 
,, 6 28 44. ,, = 6 rate a A 
” 6 29 29 ” canes 3 3 ae 2 
F G30 03% >; —~ 5 13 — P 
”» 6 30 12 ” ey 7 8 wane ” 
6 30 24 0.7 40 47 35 A, sensible. 
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Time eS Max. 2a. Total 
Date of. . 
1916) of Prelimi- Srecty Bag Dura- Remark. 
te : Occurrence. Tremor, | tadinal, | verse. tion. 
sec. bh M sec 
ocT. 5 6 31 03 am — 16 iG — A 
¥ 6.3108 =; 225 6 5 — * 
& 6 i122 =. = 3 2 — af 
4 6 32 00 ,, — 2 — — 2 
4, 62451 55 — 6 4 — % 
+p 6 253204; — 5 2 — % 
i 6 B24 oe — 5 3 — : 
43 6 133802 AG, 0.7 23 20 37 A, sensible. 
33 6 34 32 ry) 0.5 423 402 it. i ”» ” 
. 6 B5e13 Ge, — 14 12 — A 
# 6 85 50. &, — 11 19 — s 
A 6 36 06_,, — 38 43 — A, sensible. 
4 6 36.21 1S: — 14 15 — A 
+ 6407207 Be — 9 8 — m 
y Ciln9 Se. — 3 2 — i 
* 67DSA50 he, — 6 4 — ‘3 
ie 643845 oF. — 5 10 a hs 
A, 6 38 48 ,, — 60 58 — A, sensible. 
i. 6 pvs03 ee. — 24 19 — 
¥ 6 40 10 ,, — 22 18 — rs 
& 6 41 08 ,, — 6 4 — ‘e 
i? 6 42 01 _,, — 5 3 — = 
5. 6 48 08 =, — 5 5 — - 
4 6 A337 — 3 2 — e 
” 6 44 17 3) aa if 8 ae, ” 
a Gb 513 oe — 5 2 — Fe 
x 6 46 34 ,, — 3 2 — . 
53 6 47 49. ,, — 10 3 — 7, 
- 648 19 ,, 0.8 25 23 --— A, sensible. 
ss 6 48 55, — 2 2 tes A 
> 6 51 29 _,, 0.7 325 — 91 A, strongly sensible. 
Ss 6 53 00 _., 0.6 114 — 99 » sensible. 
iy 6 Hb 2b oS <8 2 — a3 A 
i 6 0 3S ae — 2 a7 ‘A 
Ad 6 58 18 _,, — 6 7 31 
” 1 DS 24 os 0.7 45 43 38 A, sensible. 
: 7°09 48 5; — 5 2 21 A 
ES 7 10 2025 — 3 2 15 , 
; 1110 S30 Se — 6 6 13 3 
:: i 10: 48 oe — 6 6 20 xs 
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he Time ote Max. 2a. Total 
(1916) of Prelimi- iycne Eo tranee Dura- Remark. 
Occurrence. rome. tudinal, verse. tion. 
; sec. ib be sec, 

ocT. 5 7 11 31 am. — 4 2 13 A 
Fe le bog OO ae 54 — 3 2 12 oe 
a 713) bom,, — 4 3 12 ‘A 
Pe G2 aie; — 3 2 -— ) 
AS 7 36 48 ~=Ca — 8 3 22 a 
Ee ‘ao. O08. 0.7 24 15 22 A, sensible. 
ce 74114 ,, — 3 3 12 
rs 8 04 20 ,, — 4 3 20 os 
a Se 15. he 33 — 6 6 8 a 
9 84819 ,, — 3 2 15 3 
3 8 51 35 _ ,, 0.5 50 24 26 a 
= oe Oe OSo 55 — 5 3 10 ne 
He 91145 ,; — 4 2 11 a 
#8 Tle She, — 4 2 11 a 
3 Ge. Tbr... — 2 2 8 ¥ 
a Goa ou :,, — 3 3 10 <3 
= 9 25 59, — 7 2 13 e 
EF 9 26812. ,, 0.6 201 209 — A, sensible. 
f S26. BO — 45 28 -— 
Pr 9 26 46 ,, — 95 88 67 A, sensible. 
x 10 26 45 _,, — 5 2 10 A 
& 10 27 07 ,, — 4 2 10 "a 
a 10 40 24 ,, — 4 2 12 
ss toe SoG. 0.7 61 35 25 A, sensible. 
os 1 05 41 pm 3 2 20 A 
e Ae Oe 20 — 3 1 16 op 
Bi. Foon Loe; — 3 2 — ra 
ee 2 06 40 ,, — 3 2 12 re 
a ae Lino ae 53 12 — 8 
6 4 36 O07 am. 0.0 53 3 36 A, sensible 
7 3 11 44 pm 0.6 132 84 28 is i 
8 045 46 ,, 0.7 20 20 12 
a 0 52 28 am 0.6 138 8 11 ch 
11 Ch Te: OGaF s: 0.5 18 17 5 s 
13 3 06 00 ,, 0.9 15 15 12 % 


eee oh e 
ek i ; “ 
. tame a oT ey . i 
t v = he ‘Vv 
f teen oe ral 
a Tt; ’ ee, : * : 4 . 4. > a Ge * 
5 : 2 # ‘ , 
. fs 
XT 
; a Us » 
% 5 x 
, ay 
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Time Bee ‘Max. 2a. 
Otay | Prelimi- — 

nary | Longi- Trans- — 

. Occurrence. | Tremor. | tudinal. | verse. — 


Date 


7 — 20" | S16 
16 | 558922pm | 00' | 20 — 
ig, I. AB aa 


: 5°58 133 sy io ee eee ee | 
Ag) * 95 87 150 Sh 0| > 06 Sh Spe age , sensible, 
; , = 


NOV. 1 241 55am | 04 De 6 


2S 
Sis 
a 4 * 
[iS 
x 
ee | 
‘ 
ua 
, z 
' ' 
‘ i 
} ~ ‘ 
=| i i 
= Po cote ar 
. y 


ray i Ke 4 
thie ee | | | 


EJ 
hal 


EN) 
hel 


a af mK 
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Bek ME RXXREMS 
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eee ee 
Me deescan? 
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ee 
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The Sakura-Jima Eruptions and Earthquakes. I. 


~ [General Account.*] 
By 
F. Omori, Sc. D., 


Member of the Imperial Earthquake Investigation Committee. 


With Plates I-VITI, 


1. Introduction. The Sakura-jima (Cherry Island), situated 
in the Kagoshima Bay, and famous for the eruptions in 1779 and 
several earlier years, made outbursts in January, 1914, which may 
be counted, in point of the magnitude of disturbance, as one of 
the greatest volcanic catastrophes in modern times, and caused at 
once a multitude of scientific and other men to hasten from 
different parts of the Empire to the south-western extremity of 
the old Nippon. There were also a number of foreign visitors, 
including such high vulcanological authorities as Prof. T. A. 
Jagger, Jr., and Mr. Frank A. Perrett. The present author, who 
was despatched as a member of the Imperial Earthquake Investiga- 
tion Committee, left Tokyo on Jan. 14th, arrived in Kagoshima 
on the 16th, and remained in the stricken district till the 26th; 
having paid a second visit to Kagoshima and the Sakura-jima in 
April last. The following § § give a short preliminary account, from 
the seismological point of view, of this Sakura-jima eruption, whose 
occurrence indicated the existence of a clear sequence among the 


various manifestations of the recent volcanic activity in Japan. 


* Translation, with additions, of the present author's article on the Sakura-jima eruptions 
published in the Toyo Gakugei Zasshi, for March 1914, 
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2. Topography. (See Figs. 1 and 2.) The Sakura-jima is in 
shape an irregular ellipse, with the longer and shorter diameters of 
about 9.9 and 8.0 km in the EW and NS directions ap- 
proximately, the greatest extension being the length of 11.4 km 
between the ESE coasts and the Hakamagoshi. The latter, a 
square flat-top piece of ground 0.8 km in length and 72 m in height, 
is so called from the resemblance of its form to a trapezium, or back 
head of the Japanese pantaloons when seen from the city of Kago- 
shima, and is the only portion in the island which is sedimentary — 
in formation, all the rest being covered by volcanic materials. 
Near the centre of the island there are two high peaks, the Minami- 
dake (south crater) and the Kita-dake (north crater), respectively 
1069.6 and 1133.5 metres in height, which form together with 
the Futanaka, or slightly depressed intermediate portion, the top 
ridge, 1.8 km in length running nearly in the S-N direction. 
Thus, from the E or the W side, the island looks ike a truncated 
triangle and presents a beautiful Fuji type outline with a flat 
top; while, from the N or the § side, it appears in the form of 
a pointed cone. On the SE part of the island there is a flat 
ring-shaped parasitic cone of the Nabe-yama (height =328.4m), 
opening eastwards and having the maximum base diameter of 
about 1.5 km. Among the side craters on the west, the most 
conspicuous is the dome of Hikinohira (height=553 m). Again, 
the rocky protuberances of the Moe-zaki (‘‘ Burning promontary’’), 
the Tatsu-zaki (‘‘ Dragon promontary’’), and Omoe-zaki (‘‘ Great 
burning promontary ’’), respectively on the SW, the §, and the 
NE side of the island were formed by the lava streams attending 
the eruptions in the historical times. Further, the isle of Moe- 
jima (‘‘Burning island’’) and other smaller ones situated off the NE 


coast of the Sakura-jima are the results of the submarine outbursts, 
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which followed the great eruption in the 8th year of the Anei 
period (1779 A. C.), and are collectively known as the ‘‘ Anci 
Islands’’. The small iles of Karasu-jima and Oko-jima, respec- 
tively off the W. coast of the Sakura-jima and off the Moe-zaki 
at its SW corner, are also evidently the results of some of the former 
eruptions. Finally, as a special geographical feature of the island 
is to be mentioned the existence of hot springs at Furusato, 
Yunohama,. Arimura, and Krokami, on the SE coast, and of a 
mineral spring in the shallow sea water close to the beach of Saido 
at the NW part of the island. 

‘The habitations, distributed among 20 hamlets and situated 
all along the coast, belonged to the two village districts of Higashi 
(Eastern) Sakura-jima and Nishi (Western) Sakura-jima, with the 
head offices respectively at Arimura and Yokoyama, the total 
population before the present eruption having been 23,738. 

3. Sea depth and mountain size. The bay of Kagoshima, 
about 70 km in length and 20 km in width (Fig. 1), is a depression 
in the NS direction, doubtless having a connection with the 
formation of the Kirishima and Sakura-jima volcanic chain and is 
divided by the Sakura-jima distinctly into the southern and the north- 
ern portions. In the southern portion, there exists a sort of terrace 
with the water depth of up to 50 fathoms for the widths of about 
4 and 2 km respectively along the western, or Satsuma, coast 
and the eastern, or Osumi, coast, while the basin at the middle 
has a depth of 100 to 122 fathoms. ‘On the other hand, in the 
northern portion, which is surrounded mostly by steep coast, the 
depth of water is nearly uniform, ranging from about 70 to 107 
fathoms. It is likely that the northern portion is similar 
in nature to the deep lakes which are found behind the 


sea-coast volcanoes of the Usu-san and the Tarumai-san, and. its 
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formation must be specially related to the history of the Sakura- 
jima; it being, in fact, in this nearly closed part of the bay that 
submarine eruptions produced 8 new islands (Kamizukuri-jima, 
or “‘islands formed by the gods ) in 764 A.C., and again 8 new 
islands (the Anei-jima) in 1779-80 A.C. The western water way, 
or the channel between the Sakura-jima and the coast. of the 
Satsuma peninsula, along which the city of Kagoshima is situated, 
is 2.5 to 4.1 km in width, with the maximum depth varying from 
77 fathoms on the north to 38 fathoms on the south. The eastern 
water way is, on the other hand, reduced (now dlocked up) to a 
narrow strait at Seto, on the SE corner of the island, where for 
the length of about 1.6 km the width was from 0.7 to 0.4 km, with 
the maximum depth of 45 fathoms, navigable for large men-of-war. 

From the above accounts it will be observed that the Sakura- 
jima is a small volcano rising out of a shallow sea, the total volume 
of the island above the water level being 26.5 ce. km, which will not 
be much augmented by adding that of the portion below the sea. 
Jn magnitude the Sakura-jima is not much different from the 
Usu-san,* situated on the Volcano Bay, but equivalent to only one 
eleventh of the Asama-yama (i. e., of the part above the plateau 
of Karuizawa on which it stands), and to one-fourtieth of the 
Fuji-yama, the volumes of these two last mountains being respect- 
ively about 290 and 1025 c. km. The smallness of size, coupled 
with the greatness of activity, probably means the existence of the 
lava reservoir at an exceedingly near depth of a few kilometres, and 
the comparative weakness of the mountain frame for resisting 
the internal explosive condition, as is also the case with the Usu- 
san; hence the indications of the unmistakable premonitary signs 


in the form of numerous earthquakes for several hours preceding the 


* An account of the Usu-san eruptions is given in the Bulletin, Vol. V, No. 1. 
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eruption in this year as well as that in 1779. Again, the eruptions 
were very intense and of a lengthy duration, and threw out a 
considerable quantity of fluid lava, pumice, and ashes, but the 
individual explosions were not quite so powerful as those of the 
Asama-yama, which caused not rarely some damage to the 
buildings 10 to 15 km distant from the crater by the violence of 
the air concussions. 

4. Simulianeous or successive activity of the different 
volcanoes. (Anei-Temmei-Kansei Epoch.) he Japanese is- 
lands,* which form together a simple are with steep descent on 
the convex side into the deep basin of the Pacific, may certainly 
be regarded as a system of volcanic chain or of earthquake zone, 
which is still undergoing the stress accumulation. When the 
latter reaches its limit, telluric disturbances may happen one after 
the other from various parts of the country in the form of great 
earthquakes or volcanic outbursts, as the case may be. The epoch 
of the most violent eruptions in the Japanese history was the 
interval of 144 years in the Anei, Temmei, and Kansei periods, 
namely, between 1777 and 1792. In the first place, the O-shima 
Volcano began eruptions on Aug. 22nd, 1777 (the 6th year of 
Anei),** and lasted, with intermissions, till Dec. 18th, 1778, an 
enormous quantity of lava having been in the meanwhile poured out. 
Then followed, on Nov. 8th, 1779, (the 8th year of Anei), the 
great eruption of the Sakura-jima, attended by the remarkable lava 
outflows and formation of new islands; while the Aoga-shima, one 
of the Izu islands, commenced powerful outbursts on July 28th, 
1780, and continued till April 18th, 1785. Before the activity of 


* Limiting, for simplicity’s sake, to the Nippon proper, or the 4 large islands of Honshu, 
Shikoku, Kyushu, and Hokkaido. 

** See the Bulletin, Vol. VI, p. 13. The date of the eruption in question there was, by 
mistake, put on Aug. 21st, 1778. 
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‘the latter voleano was brought to end, the Asama-yama broke out 
in strong eruptions since May 9th, 1783, (the 3rd year of Temmei), 
culminating in a terrible downrush of the ‘‘volcanic avalanches’’ on 
Aug. 5th.* Finally, the eruption of the Unsen-dake, in Shima- 
bara (Kyushu), began on Feb. 12th, and terminated with a 
tremendous catastrophe on May Ist, 1792, (the 4th year of Kansei), 
when the entire southern slope of the Mae-yama slipped down 
and was precipitated as an immense avalanch of rocks and earth 
into the sea of Ariake, producing the great water disturbances, or 
tsunami, which resulted in the devastation along the coasts of the 
provinces of Hizen and Higo with the loss of nearly 15,000 lives.** 
Of the different mountains mentioned above, the Sakura-jima 
and the Unsen-dake arein Kyushu, while the three others, namely, 
the O-shima, the Aoga-shima, and the Asama-yama belong to the 
Fuji volcanic chain, which, rising from the Pacific basin, meets the 
Japan arc nearly at the middle transversally. Yet, in spite of the 
wide distance between the two groups, the different volcanoes 
were thrown into great eruptions one after the other. This 
characteristic is being repeated at the present epoch. 
5. Recent volcanic activity and Sakura-jima eruption. An 
examination of the time distribution of the Asama-yama outbursts 
indicates the recurrence of the epochs of the greatest 
eruptive frequency at a mean interval of about 63$ years. Thus 
the double length of 635 x 2=127, or, say, 130 years, may also be 
regarded as a possible period in the frequency variation of the 
eruptions; and it is noteworthy that the Asama-yama, the 
O-shima, and the Sakura-jima, which made no great outbursts 
since the Anei-Temmei times, have exhibited, just after the lapse 
of 130 years, again extraordinary activity within the recent years. 


* The Bulletin Vol. VI, p. 106. 
** The Bulletin, Vol. I, p. 142. 
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In Dec. 1907, the Yake-dake, on the boundary of the 
provinces of Hida and Shinano, commenced explosions, while from 
1908 the Asama-yama caused numberless earthquakes and erup- 
tions, many of which latter were of considerable violence. In 1912, 
the O-shima made magnificent lava outbursts first in March- 
April and again in September-October. The explosions of the 
Yake-dake, which reached the climax of intensity in the summer 
of 1911, thence became gradually weaker, stopping completely 
since the summer of 1912. The eruption of the O-shima 
was also brought to an end in the spring of 1913; the Asama- 
yama, again, evidently approaching the last phase of its present 
activity from about the latter epoch. The recent eruptive energy 
of the Fuji volcanic chain manifested by the outbursts of these 
mountains thus drawing to a close, the Kyushu volcanoes were 
expected, in obedience to the sequence of events in the Anei- 
Temmei-Kansei periods, to be now in their turn brought into acti- 
vity, when, from May 19th, 1913, local small earthquakes began to 
be frequently felt at the villages of Kakto, Massaki, etc., in the 
regions at the northern and western bases of the Kirishima-yama, 
which stands on the boundary of the provinces of Osumi and 
Hyuga and which had been quiet for the past 10 years. This 
sudden appearance of seismic disturbances was at once interpreted 
as foreboding its eruptions and marking the transference of the 
voleanic activity to Kyushu, and the present author sent, under 
the date of June 11th, 1918, a semi-official letter to Mr. T. 
Taniguchi, governor of the Kagoshima-ken, urging the 
necessity of setting up sensitive seismographs at the Kagoshima 


meteorological observatory* and carrying on continuous tremor 


* The Kagoshima met. observatory is still furnished only with an ordinary Gray-Ewing- 
Milne seismograph. 
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observations, as the prefectural districts, with many volcanoes, are 
often shaken by strong earthquakes, probably also disturbed by 
volcanic micro-tremors, and especially as the Kirishima-yama was 
entering upon a period of activity. In the mean while, the 
seismic disturbances extended to the peninsular part of Satsuma, 
and at the endsof June, a strong earthquake, with numerous after- 
shocks, took place in the vicinity of the village of Ijuin, some 
16 km to the WNW from the city of Kagoshima. The Kirishima- 
yama broke finally in a strong explosion on Noy. 8th, followed by 
a second one on Dec. 9th, after which the present author made 
the intention, at the request of the governor of Kagoshima, of 
visiting the volcano in question in the course of the following month. 
On Jan. 8th of this year, the Kirishima-yama made the 3rd 
strong explosion, and 4 days later on the 12th, at about 10 a.m., 
there reached to his hand a telegram from the Kagoshima 
meteorological observatory, mentioning the occurrence of 337 earth- 
quakes in the city between 6 o’ clock in the same morning and 3a.m., 
onthe 11th. Startled by this intelligence which evidently indicated 
a wonderful increase of the telluric disturbances, the author was on 
the point of sending to Kagoshima a telegram giving the in- 
struction of carefully watching the condition of the Sakura-jima, 
which could be the only cause of the unusual seismic phenomena, 
when came in the newspaper notice announcing the eruption of 
the same mountain. 

6. Premonitary signs. Of great importance is the historical 
knowledge of the eruptions of different mountains, as we may 
thereby be much aided in considering the premonitary signs and 
the probable further course or consequence of outbursts from 


them. Unlike large destructive earthquakes, which originate 
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along seismic zones, but are not repeated from one and the same 
centre, the eruptions of a given volcano take place usually from the 
central crater or from new side vents, being anyhow thus localized 
to the mountain itself. Hence it may be that the great outbursts 
from a given voleano at widely different epochs resemble each 
other more or less, both in the eruptive phenomena and in the 
precursory events. Thus, for instance, in the eruptions of the 
Usu-san in 1910, 1822, and 1663, the first smoke explosions took 
place each time 3 or 4 days after the commencement of the 
premonitary shakings.* In the case of the great Sakura-jima erup- 
tion of 1779, the earthquakes became very frequent from about 11 
p.m. on Noy. 7th; on the next day at about 11 a.m., the well 
waters in the island boiled up, waters were squeezed or shot out 
from the different sea beaches, and the sea water was turned 
purple in colour; at 2 p.m. on the same day, a column of gray 
smokes was thrown up vertically from Futanaka on the top, 
followed after a short time interval by loud detonations and erup- 
tions almost simultaneously both from the northern and the 
southern sides of the mountain; the black smokes, which turned 
the day into a darkest night, being mixed with terrible fires pro- 
jected high into the heavens and traversed by lightnings in vertical 
and horizontal directions. This description of the Anei eruption 
of the Sakura-jima can, almost without alterations, be applied to 
the recent great disturbance of the island, which I now proceed to 
sketch briefly. } 

(I.) Harthquakes. In the early morning of Jan. 11th 
(1914), the people of the city of Kagoshima were generally aroused 
from sleep by an earthquake at about 3" 41 7, which was nothing 


else than one of the premonitary shakings proceeding from the 


* The Bulletin, Vol. V, No. 1. 
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_ TABLE I. HOURLY EARTHQUAKE NUMBER OBSERVED WITH ORDINARY GRAY-MILNE-EWING 
SEISMOGRAPH AT THE METEOROLOGICAL OBSERVATORY OF KAGOSHIMA, 
JAN. 1ITH—18TH, 1914, 
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Sakura-jima, and was followed by numerous others. The annexed 
table gives the hourly numbers of the earthquakes registered with 
an ordinary Gray-Milne-Ewing seismograph between the 11th and 
the 18th, in January, at the Kagoshima meteorological observatory 
(y=31°36’N ; 4=130°33'E), which stands on a colline 120 metres in 
height outside the city, at a distance of 10.1 km to the N76°W 
from the centre of the Sakura-jima (v=31°35'N ; 4=130°39’E). 
According to the above table, the average hourly earthquake 
frequency was 4.1 between 3 and 11 a.m., on the 1/th; was in- 
creased to 12.4 during the next 9 hours, namely, between 11 a.m. 
and 8 p.m.; attained the highest value of 19.5 in the course of 
the further 14 hours between 8 p. m., on the 11th, and 10 a.m., 
on the 12th; the greatest hourly number of 28 and 27 having 
been reached respectively at 8-9 p. m., on the 11th, and 3-4 a. m., 
on the 12th. The total number of the earthquakes registered at 
Kagoshima between 3 a. m., on the 11th, and 10a. m., on the 12th, 
was 418. In the Sakura-jima, the earthquakes, which were many 
times more numerous than in Kagoshima, seem to have occurred 
already from the night of the 10th, becoming stronger from about 
3a.m., on the llth. At the village of Saido, situated at the NW 
coast of the island, 66 earthquakes were felt in the course of the single 
hour from the noon till 1 p. m., on the 11th, against the 9 shocks 
registered at the meteorological observatory of Kagoshima; the 
earthquakes, which contained a good proportion of vertical com- 
ponent, were generally announced by a sound like that caused by 
the fall of a heavy body on the ground, immediately followed by 
earth tremblings; at 9 a. m., on the 11th, the roads being already 
slightly damaged at several places. According to the account of 


the village headman of Higashi Sakura-jima, there was at 53 
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a.m., on the 12th, a most strong earthquake, accompanied by 
sharp vertical jerks. 

(II) Hot Springs, etc. At the coast of Waki and Arimura, on 
the southern side of the island, waters began to be issued copiously 
from several places already in the early morning of the 12th, whose 
temperature was so high that people had, in time of low water, 
difficulty to walk across the beaches. At the same time, waters 
were bubbling up from among the sea, while the hot spring of 
Arimura was thrown up in jets to a height of 3 feet. It is highly 
interesting that an analogous phenomenon took place also on the 
opposite side of the island, namely, at Saido, where the issue of 
the natural cold spring waters at the beach was considerably 
augmented, the striking change having been noticed at about 84 
a.m. on the 12th by Mr. Hagiwara, head master of the village 
school, and many other people. Even on the 22nd of January, 
when Mr. Hagiwara returned back again to Saido, the waters were 
still copiously flowing out, such that the point of issue was some 
20 metres more inwards than it had used to be. This locality is 
known as Yuno-saki, literally ‘‘hot-water cape,’’ it being likely that 
formerly there existed some hot springs, whose remnant may be 
the mineral spring refered to in § 2. One of the wells in the village 
had its water level, usually at a depth of 8 or 9 feet, raised on 
the morning of the 12th to within 5 feet from the ground surface. 

(III.) Smokes. At about 8 a.m., on the 12th, a 
column of white smokes was suddenly shot up in the form of a pine 
tree from the top of the Minami-dake, while in the earlier hours 
of the morning, according to the observations from Kagoshima, 
several slender filaments of white vapours had been rising from 
above the layers of mists which shrouded the mountain. Again, 
according to the observations from the town of Tarumizu, on the 
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coast of the province of Osumi, white smokes like clouds were 
floating at about 2 p.m. on the 11th about the SE mid-slope of 
the Sakura-jima. 

The above were the unmistakable premonitary signs of the 
approaching catastrophe of the volcano, which previously had 
remained perfectly quiet and, since two decades or so, smokeless, 
except perhaps a feeble issue of some white vapours once or twice 
in the year.. Taking alarm from the frequent earthquakes, the 
majority of the inhabitants began to escape from the island already 
on the 11th, partly westwards to the city of Kagoshima, and part- 
ly eastwards to the town of Tarumizu and the neighbouring 
villages in Osumi. The eruptions finally began on the 12th, at 
about 10 a.m. But, thanks to the timely warning taken by the 
people and the prompt and well directed measures of the pre- 
fectural authorities in despatching to succour the — several 
steamers, which happened to be in port at the time, the whole 
inhabitants, over 23,000 in number, were all safely brought out 
of the danger, with the exception of the two clerks of the village 
office of Higashi Sakura-jima, who, together with the headman Mr. 
Kawakami, heroically remained till after the commencement of the 
eruptions and were drowned in attempting to swim across to the 
coast of Osumi. In the eruption of 1779, the number of the killed 
was, under similar circumstances, 144. The comparatively small 
amount of mortality in the different. Sakura-jima eruptions is 
probably in a part due to the fact that the habitations are situated 
all along the coasts at some distances from the vents of the 
outbursts, and also to the fact that the latter do not attain full 
violence till some time after the commencement. 

I can not here pass by without referring to the conduct of the 
director of the Kagoshima meteorological observatory, Mr. Y. 
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Katsuno, who rendered an invaluable service in faithfully carrying 
on the seismographical and meteorological observations throughout 
the trying hours of general confusion and panic, but who made a 
curious mistake in insisting till the very last moments on the 
supposed existence of the origin of the seismic disturbances in the 
opposite quarters, namely, in the direction of the Tjuin district 
some 16 km to the NW from the city of Kagoshima. This 
Sakura-jima eruption was indeed one, which could be predicted by 
the common sense at least one complete day before. As a 
successful instance of management with respect to a volcanic 
catastrophe, I may mention the eruptions in 1910 of the Usu-san, 
which were attended with no casualty in consequence of the 
compulsory measures taken by the police inspector, Mr. lida, who. 
ordered the inhabitants in the vicinity to leave the threatened 
districts, in strength of my lecture on earthquakes and eruptions, 
given in 1902, at the Police High School in Tokyo. 

According to the graphical representation in Fig. 3, the 
first eruption took place about 13 hours after the occurrence of 
the absolute maximum hourly earthquake frequency at 8-9 p.m., 
on the llth. It is difficult to explain why a marked frequency 
minimum did occur at 2-3 a.m. on the 12th. It seems probable, 
however, that this minimum in the seismic frequency, which must 
denote a partial decrease in the underground stress, was occasioned 
by some preliminary smoke emissions from the mountain top and 
sides, or jetting out of waters from the different places along the 
coasts. 

7. Eruptions. The first outburst took place from the west 
side of the Sakura-jima at. about 10 a.m., on the morning of the 
12th, from a point above the Yokoyama-mura (height=about 


500 m) followed after a short time interval of some 10 minutes , 
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by the outburst from the south shoulder of the Nabe-yama at the 
east side of the island. The outbursts, which were at the com- 
mencement accompanied by no special detonation, rapidly increased 
in magnitude and intensity. 

According to the report of the Kagoshima meteorological 
observatory, which enjoys the full view of the Sakura-jima, red: 
fires were seen at the base of the smoke column 5 minutes after 
the commencement of the eruption. The smokes ascended to a 
height of about 3,000 metres already at 11 a.m., while the lava. 
blocks, several of which had tails of steam and gases, were observed 
to be thrown out thickly from 11. 30 a.m., when the shoji (paper- 
covered sliding doors) began to be shaken by the air vibrations. 
At 2. 30 p.m. the whole island was enveloped in white and black 
smokes, the eruptive noises becoming more and more intense till 
at 3. 80 p.m. the explosive detonations began to be heard. 

The dense black smokes, which were, the weather being quiet, 
projected finally to a vertical height of over 20,000 feet above sea 
level, were traversed by electric lightnings in various directions, 
while the incessant air-quakes, cooperated, so to speak, with the 
most frequent seismic convulsions of the ground in the develop- 
ment of the awful catastrophe. The panic in Kagoshima was 
greatly augmented by various ridiculous reports, one of which, 
relating to the supposed far-reaching fatal consequences of the 
poisonous volcanic gases, enjoined the people to get beyond the 
limit of 20 km radial distance. This was most effective in driving 
the greatest majority of the seventy-thousand inhabitants out of the 
city, who experienced hardships and privations in the sudden 
exodus, each endeavouring to get away simply as far as possible, on 


foot, on vehicle, or by railways.. Another supposed danger was in 
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the possible inrush of enormous ésuname (tidal waves), which might 
sweep away the entire city. When the afternoon of the 12th 
passed away under such disquieting circumstances, a new and real 
source of danger appeared in the form of a strong earthquake, which 
happened at half past six o’ clock and knocked down a great many 
of stone partition and fence walls, which abound in Kagoshima; 
a number of the dwelling and ware houses, mostly of stone con- 
struction, in the lower and soft-soil part of the city and in the new 
made-ground along the coast, were partially or entirely destroyed. 
After this earthquake, the voleanic noises and the projection of red 
hot lava masses became markedly stronger, and the ‘* explosive 
stage ’’ reached its full intensity between about 11 p.m., on the 
12th, and 5 a.m. on the 13th, with the maximum at about 1 a.m. 
on the latter day. The detonations in Kagoshima during this 
interval were like those due to the quick firing of artillery pieces 
and were so loud that the prefectural officers had to stuff their ears 
with cotton. It was probably at this epoch that local hurricanes 
were produced by the eruption, which seem to have been specially 
strong at the west end of the island, in the neighbourhood of the 
Hakamagoshi, upon which were found transported large uprooted 
mandarin orange trees, 1 foot or more in stem diameter, and 
pieces of smashed wooden houses in the village of Yokoyama, 
situated at the east foot of the above named plateau hill, 72 m. in 
height. After 10 a.m., on the 13th, the violence of the explosions 
were greatly reduced, although continuing to happen still almost 
continuously. On the succeeding evening the volcano presented 
to the observers in Kagoshima the most magnificent sight, between 
about 8° 15" and 8° 30", the burning materials being shot high 
with brilliant display of lightnings, as it were, in a high pillar, and 


converting the whole mountain slope over Yokohama, from top to 
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base, into one continuous zone of red hot masses. This was no 
other than the commencement of the outflowing of the lava 
streams. On the same occasion the houses in the village of Koike 
were burnt down. Thereafter the noises were greatly reduced. 

Even as late as the 16th (January), when the author arrived 
in Kagoshima, the sight of the eruptions was very beautiful and 
grand, the state on the west side being much the same as in Fig. 7, 
which is a picture taken near the evening of the 15th from the 
harbour of Kagoshima. The more or less active eruptions on the 
west side of the island were brought nearly to end on the 25th of 
January; but those on the east, or the Nabe-yama, side have long 
kept up their energy, and are making occasional strong outbursts 
even at the present time (Aug. 1914). 

Lava Streams. About 7 and 8 principal craterlets were formed 
respectively at the west and the east sides of the Sakura-jima, the 
uppermost one being in the former at an altitude of 500 m, and 
in the latter at an altitude of 400 m. The lava which flowed out 
from both of these groups was, like that of the Asama-yama, 
of very little fluidity, so that it is generally broken up into 
loose angular blocks. The main branch of the lava stream on the 
west side seems to have run down before 7 a.m. the next day 
through a distance of 2,000 m, or in about 12 hours already to within 
500 m of the coast, reaching the same on the morning of the 16th. 
Thus the mean velocity of the descent of the lava stream in question 
was about 45 m per hour during the Ist 24 days. The lava stream, 
which continued its forward progress into the sea, sending up an 
infinite number of small columns of pure white water vapours, 
reached at about the noon of the 18th the small Karasu-jima, whose 
height was 20 metres and was at a distance of about 600 metres 


from the coast; giving the velocity of the lava motion of about 21 
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m per hour in the time interval between the 16th and the 18th. 
When examined on the 20th, this islet had entirely disappeared 
under the lava in such a way.that 1t was difficult to identify its 
former position. On Jan. 22nd, the lava stream was moving, at 
the south base of the Hakamagoshi, with a speed of about 1 foot 
per hour. 

On the other hand, the lava streams from the eastern, or Nabe- 
yama side, craterlets quickly reached the comparatively deep Seto 
Strait between the SE end of the Sakura-jima and the Sakkabira 
promontary of the province of Osumi, and, getting under the sea, 
was, when seen on the 16th (January), vigorously sending up masses 
of dense white smokes, the surface water temperature being 49°C 
(measured on Jan. 93rd). The strait, whose width was narrowed 
by the lava to about 20 metres on Jan. 24th, was finally blocked up 
on the 29th of the same month, the Sakura-jima island being thus 
converted into a peninsula. When viewed at the commencement 
of April last, the lava mass filling the strait was bulged up into 
hills 50 m or more in vertical height, still steadily pressing hard 
upon the former coast of Osumi. (See Fig. 4.) 

Areas covered by Lava. Fig. 2 indicates the areas covered at 
the commencement of May last by the lava which streamed out 
from the two groups of the craterlets, the forms of the protu- 
berances in the sea, both above and below water, being based on 
the surveys and soundings undertaken by the Hydrographical 
Department of the Imperial Navy. On the west side, the lava 
layers, whose maximum thickness or height was in the earlier days 
about 60 m, completely buried under them the villages of 
Yokoyama and Akamizu, reached the extreme extension of 4.8 km 
in the EW direction, and extended 1,400 m into the Kagoshima 


Channel. As the depth of the latter, between the city of 
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Kagoshima and the Hakamagoshi and the former isle of Karasu- 
jima, is generally less than 24 fathoms, or 44 metres, there was on 
that side no marked submarine extension of the lava, the top of 
whose end edge stands high up or is just visible out of the water 
surface. On the south-east coast of the Sakura-jima the three 
villages of Seto, Waki, and Arimura were all buried under the lava 
streams, which flowed, on the north, along the west shoulder and 
into the crater, of the Nabe-yama. - A small hill, 103 m in height, 
on the SE coast, which had not been covered by the lava at the end 
of January, was found entirely buried under it at the commence- 
ment of April. As the sea off the SE coast of the Sakura-jima was 
70 to 90 fathoms (128 to 165 m) in depth, the protuberance of the 
lava stream into the bay, which remains above the water level, 
is only about 700m in maximum width, but the under-water 
extension is considerable and has the extreme distance of 3.4 km 
between the SSW end and the above-mentioned former coast hill. 
Even at the distances of 2.0 to 2.3 km from the SE coast of 
the Sakura-jima under consideration, there were marked changes 
in the water depth revealed by the soundings; thus, for instance, at 
a point was found a depth of 25 fathoms instead of the former 
depth of 84 fathoms; at a second point, 26 fathoms instead of 88 
fathoms; at a third, 36 fathoms instead of 96 fathoms, etc. These 
results seem to point to the conclusion that the submerged layer of 
the lava stream is in its middle and southern parts 50 to 60 fathoms 
OnvUiton 110 metres in thickness. For the west, or Yokoyama 
side, lava stream, the thikness of the portion projecting into the 
sea may be taken to be about 30 fathoms or 55 metres. The 


approximate areas of the lava covered tracts are as follows: — 
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Western, or Yokoyama, Eastern, or Nabe-yama, 

Area. Side Lava Stream. Side Lava Stream. 

Land (i.e. former land) area 5 cee 5 5 si ee 

covered by lava. F Sum, 

New lava area above water (or 2, 46 2.19 TA4 
coast increase). otis ite 
Submerged Java field. nak OT 
Sum. 8.33 15.41 


Thus, the total area of the eastern lava field, which is 16.41 sq. 
km and of which 7.97 sq. km belongs to the submerged portion, 
is nearly double that of the western, namely, 8.33 sq.km. The 


fond 


sum of the areas of the eastern and the western lava fields is 23.7 
sq.km, which is equivalent almost exactly to one-third of the area 
of the Sakura-jima. Assuming the mean thicknesses of the entire 
western side lava field and of the land portion of the eastern side 
lava field to be each 40 m, and that of the rest of the latter to be 


100 m, we get the following results: — 


(Volume) 
Western lava tel: ss) 45,.5 0.3833 ¢c.km. 
Hasternylava. eld sane aes eee hh 
ISG hea te a en ne ee 1.559 


The estimated total volume of the lava, which flowed out from 
the two sides of the Sakura-jima, is thus about 1.6 ¢.km, and 
equivalent to about one-seventeenth of the volume of the mountain, 
which is =26.5 c.km. The enormity of the Sakura-jima disturb- 
ances will be realized from a comparison with the great Temmei 
(1783) eruption of the Asama-yama; the area and the volume 
(under the assumption of the mean thickness of 40 m) of the 
‘Oni-oshidashi’’ or lava stream on that occasion being 6.9 sq.km 


and 0.27 ¢.km, which are equal respectively to a and = of the 
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corresponding quantities of the present Sakura-jima eruption. 
Moreover, in the Asama-yama catastrophe above refered to, the 
volume of the lava outflow was only 1/1,000th of that of the 
mountain, ) 

Precipitation of Lava Fragments and Ashes. The villages of 
Koike and Akobaru, situated on the west coast to the north of the 
Hakamagoshi, were, although outside the lava stream areas, 
completely crushed, burnt, and buried by the showers of more or 
less pumiceous hot lava fragments projected from the craterlets. 
The scene in these neighbourhoods was desolate and barren in the 
extreme; the stones, which also smashed the trees in terrible 
conditions, having made an innumerable number of the so-called 
conical holes of various dimensions on the Hakamagoshi and in 
the tracts adjacent to its N. and E. bases. These facts, in con- 
junction with the probable gush of hot volcanic gases mentioned in 
p. 16, seem to indicate that the local explosive effects attending 
the eruptions were specially strong at the west side craterlets. The 
precipitation of pumice and ashes was very abundant in the 
eastern part of the island, being deepest at and about Kurokami, 
where it amounted to 6 feet or more and buried the houses nearly 
up to the roof. Fig. 5 illustrates how the gate of the village temple 
had the two upright stone columns, some 8 or 9 feet in height, 
buried under the pumice and ashes, only the two horizontal top 
beams remaining in the air. On account of the prevalence of the 
westerly winds in the higher atmospheric region all the year round, 
the ashes of the different volcanic eruptions in Japan are generally 
carried eastwards, whatever the surface winds may be. Thus, the 
ashes of the great Sakura-jima eruption of 1779 reached Osaka, 
Nagoya, and Yedo (Tokyo). On the present occasion, the ash- 
precipitation reached the Bonin Islands on the SE, and extended to 


bo 
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the NE over Kyushu, Shikoku, and the whole of the Main Island 
to the west of Mito and Utsunomiya, the extreme eastward radial 
distance being over 1,200km. Thus the ash-precipitation was very 
slight and under 3 mm in Kagoshima situated close enough to the 
west of the Sakura-jima, while it was very heavy in the northern and 
central parts of the province of Osumi, the amount ranging from 3 
or 5 inches to over 3 feet. The principal axis of the ash-precipitation 
zone extended from the Sakura-jima in the direction of E. slightly 8. 
to the vicinity of the town of Shibushi on the Ariake Bay, Making 
the planimeter estimations of the areas enclosed by the different 
iso-precipitation curves drawn on a map, based on the measure- 
ments of the thickness at a number of places in the 5. part of 
Kyushu, the total amount of the pumice and ashes, which fell in 
the latter only, comes out to be about 0.62 c. km, equivalent to 40% 
of the total volume of the lava outflow. This is a sufficiently 
large quantity, which, if distributed over the whole extension of 
the city of Tokyo, about 80 sq. km in area, would give a mean 
thickness of about 8 metres. 

The total sum of the volumes of the pumice and ashes and of 
the lava outflow thus amounts to 1.56+0.62=2.2 ekm, which is 
equivalent to 1/12th of the volume of the whole mountain. 

The specific gravity of the ashes, which were acidic, determined 
from the specimens collected in Kagoshima and the Sakura-jima, 
varied from 0.9 to 1.2, giving the mean value of 1.0. Again, 
the specific gravity of the lava pieces and bombs found at the west, 
or Yokoyama, side varied mostly between 1.06 and 1.63, with the 
mean value of 1.4; while that for the specimens from the eastern, 
or Nabe-yama, side, was between 1.92 and 2.81, with the high 
mean of 2.4. 


Ss. Strong earthquake and small tsunami. In the strong 
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Sakura-jima Eruption of 1914, 


Fig. 4. Blocking up of Seto Strait, originally 0.7 km in width and 45 fathoms in depth. 
The right-hand side slope is the former coast of Osumi, while the left-hand side hill, over 
50m in height, is the lava which flowed down from the Sakura-jima. 
(April 10th, 1914, I". Omori, phot.) 


Sakura-jima Eruption of 1914. 
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Fig. 5. Scene at the village of Kurokami, on the E. coast of Sakura-jima, ‘The thick preci- 
pitation of pumice and ashes buried the two posts of the stone “ torii,” or temple gate, 8 or 9 ft. 
in height, leaving only the horizontal top beams in air. Of the houses, only the roofs are left 
above the ashes, (April 9th, 1914. EF’. Omori, phot.) 
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earthquake of Jan. 12th, at half past, six o’clock in the evening, 
were killed 7 persons walking in the’ city streets by the outward 
overturning of stone fences, and 12 others, on the way of escape to 
country places, by the crumbling down of high perpendicular road- 
side cliffs of soft tuff at a place called Tenjinga-seto, outside of 
Kagoshima. ‘This seismic disturbance, whose preliminary tremor 
reached Tokyo at 6" 30" 21° p.m., was obviously of the volcanic 
nature or relation, being, however, unusually large in magnitude. 
Judging from the tromometer diagrams obtained in Tokyo, it is 
evident that the Kagoshima (or Sakura-jima, provisionally) earth- 
quake in question must have been several times larger in magnitude 
than the strong Asama-yama earthquakes of May 26th, 1908, 
and of July 16th, 1912, or of the strong: Usu-san earthquake of July 
24th, 1910, at 3. 49 p.m.,° which seemed to represent the limiting 
intensity and size of a voleanic earthquake. A special character of 
this Kagoshima earthquake is that the intensity of motion was 
nowhere very severe, the seismic damage in the Sakura-jima itself 
being, probably on account of the rocky nature of the ground, 
considerably smaller than in the lower part of the city of 
Kagoshima. It is thus evident that the earthquake must have 
been of very deep origin and was probably the result rather of the 
stress accumulation along the whole voleanic chain in the southern 
Kyushu, being not at all a simple local shock connected only 
with the eruptions of the Sakura-jima. This supposition seems 
probable, as one month later, on Feb. 15th, at 3.37.19 p.m.” there 
took place an earthquake also of no insignificant magnitude 


during the activity of the Iwo-jima, another of the same volcanic 
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(1) See the Bulletin, Vol. VI, Figs. 36 and 37, 
(2) See the Bulletin, Vol. V, p. 15. 
(3) Time of earthquake occurrence indicated by the tromometers in Tokyo. 
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chain. Strong volcanic earthquakes may possibly be divided into 
the two categories of (i) local shock, necessarily of shallow focal 
depth, and (ii) extensive earthquake, of great depth. In both of 
these cases the surface intensity of the seismic motion would not 
be so high as in great destructive earthquakes of tectonic origin. 

In the city of Kagoshima, which is situated to the west of the 
Sakura-jima, the earthquake damage done to the various structures 
indicated very clearly the longitudinal nature of the shock. Thus, 
the stone fences, which were in the E-W directions, even though 
of very unstable dimensions, remained standing, while those in_ 
the N-S directions were very often overturned. On the other hand, 
in the cases of the wooden houses with plastered or paper-covered 
walls, the damage was of a different nature: the walls in the 
E-W directions were much broken by the two systems of mutually 
rectangular cracks, while those in the N-S direction remained 
mostly intact. According to the ordinary seismograph diagram 
obtained at the Kagoshima meteorological observatory, the very first 
earthquake displacement of the strong shock under consideration 
was directed toward WNW, or radially away from the Sakura-jima. 

The 12th of January happened to be the day of full moon and 
the tide was high in the evening when the strong earthquake 
took place. Probably 1 or 1§ hours after the occurrence of the 
earthquake, the waters in the harbour of Kagoshima, whose level 
was then only about 13 feet below the top surface of the quey 
wall, flowed a little over the latter and partially washed the strand 
streets, a few boats being thereby damaged. This disturbance of 
the sea waters is to be regarded as a small tsunami, whose direct 
cause was, however, not in the strong earthquake before mentioned, 
but probably in a small sudden settlement or depression of the bay 
bottom. (See also § 10.) 
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Date. 
(1914.) 


February, 1 
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DAILY NUMBERS OF THE ERUPTIONS AND EARTHQUAKES OF THE 
SAKURA-JIMA, INSTRUMENTALLY REGISTERED AT KAGOSHIMA, 
JAN. 16th TO FEB. 7th, 1914. 
Volcanic Karthquakes Earthquakes 
Outbursts. not accompanied of neighbouring 
by Eruptions. origin, 
Stronger. | Weaker. | Larger. | Smaller. | Larger. | Smaller. 

18 ~— 1 — — — 

67 1 4 ) 2 — 

53 84 7 9 { — 

74 39 1 2 — — 

65 78 1 2 2 — 

37 77 2 4 1 = 

29 93 3 — 1 — 

354 82 i fi — == 

40 78 — 1 a = 

36 65 5) 1 1 =a 

29 101 i — — —s 

BD 136 — 4 — — 

14 148 2 — a — 

17 147 3 5 — =a 

] 144 — 3 — 2s 

5 130 i! 2 — ae 

6 117 2 7 — —— 

4 108 — 1 — — 

2 60 — 2 — =e 

— 105 1 4 — ae 

2 160 2 2 — — 

65 I — = — 


* 


Registration commenced from 6h 6M p,m. 


Volcanic tremors were very marked between 9 a.m. and 10 p,m. 
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9. Tromometer observations of eruptions. A. 200-times 
magnification two-component horizontal tremor-recorder, which 
the author took with him at his first visit to the Sakura-jima in 
January, was temporarily set up on the solid stone foundation in 
the instrument room of the Weight and Measure Department, in 
the Prefectural compound, and the observation was, under the care 
of my assistant Mr. Kurosaka, started on the 16th of the same 
month and continued till Feb. 8th, when the seismograph was 
removed to the village of Furusato in the Sakura-jima. The result 
of the registration is embodied in Table II, which is the list of the 
daily numbers during this interval of the larger and smaller 
voleanic eruptions and of the non-eruptive volcanic earthquakes, 
and of shocks of the neighbouring origin; the photographically 
enlarged illustrative diagrams being given in Figs. 8 and 9. 

The strong outbursts, or large disturbances, which were at first 
very numerous, with the daily frequency of 55 to 74 between the 
17th and the 20th (January), thereafter markediy decreased, the 
frequency between the 21st and the 27th being 29 to 40. After 
Jan. 28th, the decrease was equally remarkable, the mean daily, 
frequency during the next 11 days being only 4.7. On the other 
hand, the frequency of the weak outbursts, or small disturbances, 
indicated a tendency of varying in inverse proportion to that of the 
other disturbances. The daily number of the non-eruptive volcanic 
earthquakes also shows a tendency of alternating the epochs 
of maximum frequency with those of the strong eruptions. I 
must here state that the large disturbance means here simply an 
outburst whose earthquake motion was comparatively — large 
(double amplitude=0.1 mm or so), and the small disturbance one 
whose earthquake motion was small (double amplitude=0.01 mm 
or so); in either case, no reference being made to the intensity of 
the sound. A noteworthy fact is that the explosions accompanied 
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by very loud detonations, like, for instance, the outburst from one 
of the Nabe-yama side craterlets on Feb. 7th, at 11° 25" a.m. 
which startled the inhabitants of Kagoshima and neighbouring 
places, caused generally very small amount of the earthquake 
motion almost. undistinguishable from the micro-tremors.* 
Thus, in the present ease there are two kinds of the eruptions, as 
follows: (i), explosion with a loud detonation, which causes only 
a very slight amount of seismic effects; and, (ii), non-detonative 
eruption, which is accompanied by comparatively large earth 
vibrations. It is likely that the (i) eruptions produce the loud 
noises by suddenly rupturing or breaking open the _ partially 
solidified lava bottoms of the craterlets and are more of the 
nature of the surface action, while the Gi) eruptions are more 
important phenomena and consist in powerful projections of ashes 
and gases along pre-existing "channels of Hee extension. It thus 
follows that the mere abundance of the lend detonations, which 
long continued to disquiet the people of Kagoshima from time 
to time, is to be represented by the high frequency of the small 
disturbance, and by no means signified any material augmentation 
in the activity of the Sakura-jima. If the frequency of the ‘‘ large 


2? 


disturbances ’’ be assumed to give a measure of the degree or 
amount of the eruptive activity of the voleano, it will be seen from 
the above list that the latter is steadily tending back to the equi- 
librium condition. The decrease rate of the large disturbances was 
such that at the end of March the frequency was only about goth 
of that on Jan. 16th-17th, or roughly some 5th of what existed 
at the commencement of the eruptions. 


10. Effect on level of bay water and depression of coast. 


*) Similar peculiarity was observed to a certain extent also in the case of the Asama- 
yama eruptions, (See the Bulletin, Vol. VII, No. 1.) 
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According to the tide gauge readings at the Kagoshima harbour in 
1903 and 1904, the highest sea level was 12.3 shaku“ which took 
place on Sept. 11th and Oct. 10th, 1904, the maximum daily range, 
or the height difference between the low and high waters being 
about 11.5 shaku. After the commencement of the present 
eruptions of the Sakura-jima, however, there took place abnormal 
disturbances in the sea level, a height of 12.2 shaku having been 
realized on the oceasion of the high tide’of March 13 (17th lunar 
day), inuandating the lower coast parts of the city of Kagoshima 
and causing some damage to the salt-fields along the beaches of the 
town of Kajiki and other places. This overflow of the ‘sea waters, 
quite unusual except in the autumn months, seems to have been 
the consequence of a general elevation of the mean sea level in the 
northern part of the bay, the difference between the recent ebb and 
flow at Kagoshima being 10.4 shaku, or 1.1 shaku less than the 
maximum limit before found. Thus, according to the observations 
started since the 14th of February, 1914, by the Prefectural Engi- 
neering Department, the approximate mean height of the sea 
surface at the same place during the rest of the month was 7.16 
shaku. It was 0.51 shakw lower in March, there being no marked 


variation between the latter and May, as follows: — 


| Mean Monthly Height of Sea Level 
(Kagoshima Harbour) in 
Month. 
1914. 1903 and 1904. 

toa (+) 
February. 7.16 shaku 5.95 shaku 
March. 6.65 5.95 
April. 6.54 6.24 
May. 6.69 6.23 


(1) 1 shaku=1 metre /3.3=1 foot very nearly. (2) After the 14th. 
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From the above table it will be seen that the mean monthly 
level in February this year was 1.2 shaku (=36 cm) higher than in 
the corresponding month in 1903 and 1904, the difference having 
been reduced to the mean amount of about 0.5 shaku (=15 em) in 
March to May. This latter residual amount may denote the 
amount of the depression of the coast of Kagoshima (see below), 
while the greater part of the elevation of the mean level during 
February, and also possibly in January after the eruption, was 
probably the effect, as Prof. A. Imamura insists, of the temperature 
increase of the bay waters through the inflow of the lava streams 
and other circumstances. Anyhow the marked temporary elevation 
of the sea-level in the bay, also temporarily the case after the 
eruption of 1779, seems to have already in the greater portion 
subsided. 

Comparing the results of the levelling now being repeated, 
at the suggestion of the Imperial Earthquake Investigation 
Committee, by the Military Survey Department with the heights 
determined in 1892, it follows that there has been a depression, 
whose amount is about 0.2 m at the coast of Kagoshima and is 
increased up to 0.67 m at a small promontary about 10 km 
northwards along the coast.* The greater portion of the depression 
thus found may possibly be the result or precursor of the great 
recent convulsions of the Sakura-jima. 

11. Arrangement of craterlets. (Fig. 2.) The different 
new craterlets on both sides of the Sakura-jima are arranged 
evidently along a zone (II II), which extends through the centre 
of the island in an WNW and ESE direction, and to which also 
belong the extinct parasitic cone of the Nabe-yama on the SE and 


*For the communications of these preliminary results I am indebted to the kindness of 
Mr. M. Sugiyama, of the Military Survey Department. 
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the dome of the Hikinohira and the (now covered up) Karasu-jima 
on the W. This zone, whose original formation probably dates 
back to the epoch of the construction of the mountain itself, is 
approximately at right angles to the line II, which connects the 
Sakura-jima with the active Kirishima-yama on the NNE and the 
dormant Kaimon-dake, or Satsuma Fuji, on the SSW. It is here- 
by to be noticed that the line I I represents a part of the extensive 
South Kyushu volcanic chain and is, in this respect, of primary 
importance in comparison to the zone II II, which, being none of 
such a chain, is to be regarded as marking a system of secondary 
fracture or crack limited to the island itself. 

The formation of numerous craterlets on two opposite flanks 
of the island was also the case with the eruptions of 1779 and 1476; 
it being obviously easier for the eruptive energy of the Sakura-jima 
to find vents at or near the base of the mountain than to push up 
the internal lava to its top. 

2. Course of eruptive phenomena. It is certainly a very 
difficult problem, involving great amount of responsibility toward 
the public for several years to follow, to forecast the future 
condition of a voleano in complex activity with reference to the 
possibility or non-possibility of the repetition of the strong 
outbursts and the existence or non-existence of danger to the 
inhabitants at the mountain base. Yet, as a seismological member 
of the Imperial Earthquake Investigation Committee, I had to 
give out in distinct forms my opinions on these questions as soon 
as possible, in relation to the outbursts of the Sakura-jima, which 
were obviously to be continued for several months. With respect 
to the city of Kagoshima the matter was perfectly simple, as 
explained in the next §. It was, however, after a long considera- 


tion that the author decided, on the 20th of January, or one 
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week after the commencement of the eruption, to allow the fugi- 
tives from Nojiri, Furusato, ete., on the SW coast, and those from 
Take, Fujino, etc., on the NW coast of the Sakura-jima, to return 
on their own choise to the respective villages, where the ash- 
precipitation had not been excessive; giving them caution to be 
careful should frequent or strong earthquake shocks be repeated 
again in the island. Now, the eruption of Nov. 8th, 1779, (§ 2), 
was followed, in the course of one complete year beginning with 
Noy. 21st, or the 14th day from the date of commencement of the 
disturbance, by the formation of the 8 new islands off the NE side of 
the Sakura-jima, each time accompanied by sea water disturbances 
resulting in a small ¢éswnami. The possibility of the similar subma- 
rine eruptions following the recent catastrophe gave the people of 
Kagoshima some uneasiness, giving rise at the end of January even 
to a false report of the appearance of a new island off the SW 
coast of the Sakura-jima. The reasoning by which I denied the 
probability of the repetition in the present instance of this 
particular sort of voleanie phenomena, was as follows: —The crater- 
lets in the eruption of 1779 were formed on the § and NE sides of 
the island, or roughly parallel to the general direction II (Fig. 2) 
of the volcanic chain, along which, and especially, in the northern 
part of the bay, between the two volcanoes of the Sakura-jima 
and the Kirishima-yama, submarine eruptions may occur, as in 
1779 and 764; while in the present case, the craterlets have been 
formed along a secondary line of weakness, and not along a 
voleanic chain, implying the impossiblity of occurrence of new 
eruptions from points on extention either toward Kagoshima or 
toward Osumi. As a matter of fact, there has been so far no 


formation of a new eruption island. 
13. City of Kagoshima and eruption. The city of 
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Kagoshima, although near enough to the Sakura-jima, is in 
reality in a position not to be damaged by the eruptions of the 
latter, and, on receipt of the news of the first eruption on the 12th 
(Jan.), I sent at once telegrams to the governor of the Kagoshima 
prefecture and to the editor of the daily paper, the ‘* Kagoshima 
Asahi,’’ to the effect that in Kagoshima, safe from the visitation of 
a great destructive earthquake, there was nothing to be feared from 
the eruption. The following is a note which I have published in 
Kagoshima on the 16th immediately after my first arrival in the 
city: —‘‘ @) Eruption. The new craterlets are, even the nearest of 
them, at distances not less than 6 km from Kagoshima. The 
projection or precipitation of lava pieces, 70 or 80 grams in weight, 
is limited, even in the strong Asama-yama explosions, to the radial 
distances of some 4km. Hence in the Sakura-jima outbursts, in 
which the individual explosions are not so powerful as those of the 
Asama-yama, there will be no risk in the city arising from the fall 
of the lava pieces of non-insignificant dimensions. _ (ii) Earthquakes. 
The earthquakes, so frequently occurring since the 11th, are of the 
volcanic nature, and, even when very strong, never attain the 
intensity of a great destructive earthquake, i.e., will not be able to 
destroy the ordinary Japanese wooden houses. Brick chimneys, 
stone fence-walls, etc., of unstable dimensions are, however, easily 
broken, and care must be paid to make them strong enough. 
(iii) Tsunami (Sea waves.) Should the greater portion of the Sakura- 
jima be suddenly precipitated into the Bay, then there would be 
the production of tsunami. As, however, there is no prospect 
of the occurrence of such a convulsion, there is no need of 
apprehending a great tsunami. (iv) Volcanic gases. Even if the 


volcanic gases be strongiy thrown toward Kagoshima, there is 
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no risk of poisoning or suffocation.’”’ The people of Kagoshima, 
which city had been nearly a deserted place since the 12th, began 
gradually to come back on and after the 16th, while the activity of 
the Sakura-jima continued to be reduced steadily since the 14th 
of January. 

As shown in § 7, the quantity of the lava outflow from the 
eastern craterlets group is nearly four times that from the western 
craterlets group,and taking together the great eruptions of 1476, 
1779, and 1914, it is seen that the principal lava outflow took place 
on the eastern side of the line II (Fig. 2). This fact may have 
some connection with the arrangement of the underground lava 
reservoirs. 

14. Activify along south Kyushu volcanic chain. (Fig. te) 
In, the earher parts of the present year there have been several 
outbursts in succession from the south Kyushu volcanic chain, 
which, as Professor Jaggar remarks, proceeded from north to 
south. Thus, the strong explosion of the Kirishima-yama on Jan. 
8th was quickly followed by the great Sakura-jima eruption of 
Jan. 12th. Then the Iwo-jima (or Kikaiga-shima, well known in 
Japanese history in connection with Shunkan Sozu, exiled to this 
island in 1177), situated off the south coast of Satsuma, made 
eruptions on Feb. 13th, accompanied by several earthquakes, one 
of which was of a fairly large magnitude (§ 8). Finally, the Suwa- 
nose-jima, situtated further southwards, made eruptions on March 
21st. These four voleanoes, which, together with the Kaimon- 
dake, form a nearly straight line, are at the successive distances as 
follows: — 

Apprx. Distance. 
Kirishima-yama to Sakura-jima......... 45 km. 


Sakura-jima to Kaimon-dake’........:... 46 
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Kaimon-dake to Iwo-jima ..:./:..c.4.... 50 

Two-jima to Suwanose-jima ............ 147 
The above mentioned different eruptions have probably 
brought the volcanic activity in this part of Kyushu to an end for 
the time, which apparently had the effect of changing the site of 
voleanic outbursts again to the Fuji voleanic zone, the O-shima 
having made, after a quiescence of about 15 years, very powerful 
lava eruptions for about 7 days between May 15th and 22nd, 
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THE SAKURA-JIMA ERUPTIONS AND 
EARTHQUAKES. II. 


[On the Sound and Ash-precipitation Areas of, and on the Level 
Changes caused by, the Eruptions of 1914, with Historical 
Sketches of Earlier Sakura-jima Outbursts.] 


By 


F. OMORI, Sc. D., 


Member of the Imperial Earthquake Investigation Committee. 


With Plates VIII—X XXII. 


CHAPTER I. NOTES ON THE TIME DISTRIBUTION OF 
VOLCANIC ERUPTIONS IN JAPAN. 


1. List of eruptions of Kyushu and Fuji zone volcanoes. As pointed out 
in the Bulletin, Vol. VIII, No. 1, the remarkable connection or 
time relation between the great outbursts of Sakura-jima, Oshima 
(Iza), Asama-yama, and Unzen-dake® in the memorable periods 
of Anei, Temmei, and Kansei, (1777 to 1792), has been repeated 
in the recent extraordinary activities of these same volcanoes.” 
To see, if any, the more general mutual relations, I have prepared, 
in Table VII, a list of all the known eruptions, from the earliest 


(1) Yama, san, take, or dake, means mountain. Shima, or jima, means island. 

(2) It is true that the Unzen-dake (near Nagasaki) has not yet made a fresh eruption. But 
local earthquakes occurred recently, especially since the summer of 1915, with great frequency 
at the base of the mountain. According to the tromometer observations made at the Nagasaki 
meteorological observatory there were, between June 17th and July 20th, 1915, ninety-eight 
shocks whose origins were mostly in or near the Unzen-dake, 
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times, or the 7th century, down to 1880, relating to the Kyushu 
and the Fuji voleanic zones, which are approximately transverse to 
the general are of the Japanese islands, radiating outwards re- 
spectively at its middle and its S.W. end. The different active 
mountains or islands (Fig.l) belonging to these two systems of 
voleanic districts are 15 in number so far as Table VII is con- 


cerned, the frequency of their eruptions being as follows :— 


In Kyushu. Along Fuji Volcanic Zone. 
Volcano. Eruptions. Volcano, Eruptions. 

Kaimon pe. ape sie, 2 Fuji. 2 er 
Tsurumi-dake: 3 5 04:. 1 Asama,.~ \y, See epee? 
SOEs. gieeee Oars motes. OO Oshima (Izu) = ees eee 
LSP VOW Fats 2 alee, ae eae seen Miyake-jima, 922) ane ene 

Sakura-jima .. ... .. 26 Hachijo-jima 2) see 
Unzen-dake, co) i. 3 Aoga-shima ze 
Stwanose-jima .. .. .. IL Kozu-shima-. 75) 2) eae 
: Kita Iwo-jima .. L 


* (Besides 1 submarine outburst from the vicinity of Hachijo-jima.) 


The conditions of activity of the different volcanoes are of 
course very various. Amongst the others, Kozu-shima, Tsurumi- 
dake, and Kaimon-dake made respectively 1, 1, and 2 eruptions 
during the period of about half a century, between 838 and 885. 
Since then, however, these three volcanoes ‘have made no out- 
burst at all, now for more than 1000 years. Again, Fuji made 9 
eruptions in the course of 3 centuries between 781 and 1083, but 
remained quiet during the next 434 years, till 1517; the eruption 
in the latter year being followed by others in 1560, 1627, and 
1700-—7—8, with the average interval of 61 years. Since 1708, 
Fuji has remained quiet for over 200 years. On the other hand, 
(A), Asama, Kirishima, and Aso, and (B), Miyake-jima and Oshima 


eS ee | 


— Fig. 1. Map showing the Distribution of 


Voleanoes in Japan. 


(@) Volcano, which made eruption recently, or since the 
commencement of Meiji period (1868). 


(©) Voleano, which made eruptions formerly, but remained 


inactive in the recent times. 
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maintained their activity unabated throughout the whole historical 
times. The eruptions of the (A) volcanoes, which were more 
generally of an explosive character, were sometimes very numerous 
and tended to occur in groups extending over a few years or a 
few decades ; while those of the (B) volcanoes, which were, with a 
few exceptions, not explosive and consisted in the outflow of lava, 
occurred singly, lasting sometimes several days or weeks. The 
eruptions of Sakura-jima had characters of both these groups, 
a large lava outflow being accompanied by a considerable precipi- 
tation of pumice and ash. The eruptions of Hachijo-jima and of 
Aoga-shima, which were limited respectively to the intervals of 
119 years between 1487 and 1606, and of 134 years between 
1651 and 1785, may be regarded as secondary volcanic outbursts 
induced by the strong activity of Miyake-jima and Oshima.” 

2. Periodicity. As shown in Table I, the eruptions of Asama 
since the 16th century can be divided into 5 distinct groups, whose 
mean epochs indicate an average successive interval of 63.5 years. 
This is to be regarded as representing the period of recurrence of 
the maximum activity of the volcano.” The eruptions of Kiri- 
shima indicated, amongst the others, more or less definitely also 
the prevalence of a nearly similar period, 62.7 years in length 
(Table I). 


(1) F. Omori: Report on the eruptions of Oshima. (Japanese). Shinsai Yobo Chosakai Ho- 
koku, No. 81. 
(2) See the Bulletin, Vol. VI, No. 1. 
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TABLE I, ERUPTIONS OF ASAMA AND KIRISHIMA: HBPOCHS 
MAXIMUM ACTIVITY. 


OF 


Asama. Kirishima. 
Suc- Suc- 
eee Bea Mean cessive Vaar gee Mean oassive 
Eruptions. epee Dee ey Eruptions. Epoch. Psat 
(year.) years, : (year.) years. 
685 d. 788 1 788 
" : 157* 
1108 i: 945 1 945 
167* 
1112 1 1112 63 
1167—1183 2 1175 60 
1235 HL 1235 
i ” | 989% 
1524 1 1524 
1527 —1532 5) 1529 5D 
70 | 1554—1600 8 1579 
1596—1605 + 1599 ee TL 
v0 : 
1644—1669 20 1654 1617—1677 t 1650 
65 66 
1704—1733 16 1719 1716—1717 2 1716 
55 
64 
1771—2 1 TEL 
1783 (Numerous) 1783 
Mean. — — | 63.5 Mean. — — 62.7 


(*) Excluded in taking the mean. 


The eruptions of Miyake-jima occurred, with one or two ex- 


ceptions, at fairly regular successive intervals, which varied be- 


tween 39 and 72 years, giving the average length of 59.3 


years. 


The eruptions of Oshima and Fuji since the 16th century give 


respectively the approximate length of 57 and 61 years. 


Table IT.) 


(See 
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TABLE II. BRUPTIONS OF MIYAKE-JIMA, OSHIMA, AND FUSI: 
SUCCESSIVE TIME INTERVALS. 


—— eer 


Miyake-jima. Oshima. Fuji. 
Year, Month Successive Year, Month Successive Year, Month Successive 
of Eruption. Difference. of Eruption. Difference. of Eruption. Difference. 
years. years, 
July 886(?) 
198(?)* 1083 
1085 
69 Een, 
1154 
316* | Sept. 1416 
Dee. 1469 i “ie 
Mar. 1535 he : 43 
. } 6 
Nov. 1595 He : : 67 
Mar. 1643 net 
(Es 
69 1684 
Feb. 1712 A ne 
Aug. 1763 eaters 
12 LCL 
Jan. 1811 1832 
Noy. 1835 
39 
July 1874 
Dec. 1876 
Mar. 1912 
Mean. 59.3 Mean. Mean. 61 


(*) Excluded in taking the mean. 

(1) The Miyake-jima eruption of 1811 consisted simply in detonations, earthquakes, and 
some slight explosive action, being much inferior in magnitude to the others which were at- 
tended by lava outflows. It is, therefore, here provisionally excluded in taking the successive 
intervals. 

(2) Commencement of prolonged eruptive period. 


Collecting together the results relating to the mean epochs of 
group explosions of Asama and Kirishima and the single eruptions 
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of Miyake-jima, Oshima, and Fuji, we see that the period of re- 
currence of volcanic activity varied between 57 and 63.5 years, 
giving the average value of 61 years, as follows: 


Average difference between successive mean, or most active, epochs :— 


years. 
Asana, . °° “ay Ween dew i ee eee ee oad 
Kirishima; «24 Soe" = Se, ee eioa: 

Average difference between successive single eruptions :— 

Miyake-jima PPE a SNE tometer) 6 
Oshima, Ho ES Ee eee ee 
Bap ees. BO Sac Se ee 2 

61.1 years. 


Mean, .. 
This periodicity gives a certain parallelism among the time dis- 
tribution of the eruptions of the different volcanoes in question. 
(See Table III.) Thus the Fuji eruptions of 1517, 1560, 1627, 
and 1700, were each followed after a mean interval of 16 years 
by an epoch of maximum activity of Kirishima, then after a 
further mean interval of 9 years, by that of Asama; the eruption 
of Miyake-jima also invariably occurring in the later portion of 
each series. After 1700-8, Fuji became quiet, but the other three 
voleanoes made each an eruption between 1763 and 1783. 
Beside the period of 61 years here deduced, there must exist a 


great many others of different lengths in the time distribution of 
voleanic cruptions. 


TABLE III. PARALLELISM IN THE SUCCESSIVE OCCURRENCES OF 
BRUPTIONS OF FUJI, KIRISHIMA, ASAMA, AND MIYAKE-JIMA. 


Single Eruption. | Mean, or Most Active, Epoch. Single Eruption. 
Fuji. Kirishima, Asama. a Miyake-jima 
ib1%, 124" 1529 °°"? 1535" 
1560 LOT 1599 1595 
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Single Eruption. Mean, or Most Active, Epoch. Single Eruption. 
Fuji. Kirishima. Asama. Miyake-jima. 
1697 0 1650 °°) | 1654.7) 1643 7) 
1700 1716 L719 1712 
— LUTL ; 1783 1763 


Se de a En eee 
%. Alternations in eruptions of different volcanoes. In Tabl IV is given 


a comparative list of the years of eruption of Asama, Aso, Kiri- 
Shima, and Fuji, grouped with reference to the activity of the first 
named yoleano. It will be observed that the eruption of Asama 
occurred, on the whole, in alternation to those of Aso and Kiri- 
shima. Thus, during the six intervals of 1109-1526, 1533-95, 1606— 
43, 1670-1703, 1755-75, and 1816-65, Asama made no eruption 
at all, while Aso and Kirishima made together respectively 18, 14, 
5, 4, 3, and 5 eruptions. On the other hand, during the five intervals 
of 1527-82, 1596-1605, 1644-61, 1704-55, and 1776-1803, Asama 
made respectively 3, 4, 19, 18, and 7 eruptions, while Aso and 
Kirishima made no outburst at all or only 1 or 2 eruptions. Be- 
tween Aso and Kirishima, however, there is again an almost 
perfect alternation in the occurrences of their eruptions. At the 
same time, it is to be noted that the epochs of activity of Asama 
were each followed and preceded at a close interval by those of 
Kirishima and Aso. The activity of Mount Fuji took place nearer 
the eruptions of the two latter than those of Asama. (See also 
Table IV.) 

Table V is a similar list relating to Sakura-jima, Kaimon, 
Unzen, Oshima, Miyake-jima, Hachijo-jima, Aoga-shima, etc., classi- 
fied according to the activity of the first named volcano. The - 
alternate occurrences of the eruptions of Oshima and Miyake-jima 
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are very clearly indicated. (See also §2.) On the whole, however, 
either of these two. voleanoes was in activity in the eruptive epochs 
of Sakura-jima. Again, the eruptions of Unzen, which took place 
only in 1657, 1663, and 1792, followed those of Sakura-jima in 
1642 and 1779. 


TABLE IV. COMPARATIVE LIST OF THE YEARS OF ERUPTION 
OF FUJI, ASAMA, ASO, AND KIRISHIMA. 
*_...Stronger outburst. 


The figure within brackets is the number of eruptions during the time interval concerned. 


Kirishima. 


781 800 826 
864 870 937 
999 1033 1083 


864 867 


1112 1167 1183 
1235 
1238-1388 (9) 
1434 1473 
1506 1522 


1517 
1524 


1527 1528 1532 


1533 1542 


1560 


1562 1564 


1566 1574 1576-8 


1582 1584 


1585 1587 1588 


1592 


1596 1596 1598 
1605 


1598-1600 
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TABLE IV. (Cont.) 


Fuji. Kirishima. 


_ 1617-8 


1631 1637 
1649 


1644-1661 (29) 1659-61 


1662-4 


p LOU 
1683 1691 


1704 1706 
1709-1733 (14) 
L754 (2) 


1700 ; 
1707* 1708 


1716-17* 


1764 1765* 
1771-2 


1776 1777 1783* 
1785 1803 (3) 


1826-1830 (4) 
1854 


1866 1869 


1874 


1875 1879 
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TABLE V. COMPARATIVE LIST OF THE YEARS OF ERUPTION OF 
SAKURA-JIMA, CSHIMA, MIYAKE-JIMA, UNZEN, 


*....Stronger Outburst. 


Kaimon, 
Unzen, 
ete. 


Sakura-jima. Oshima. Miyake-jima. 


680 (Oshima ?) 


764%*(Subm., near 
Kokubu) 


856 (Oshima ?) 


867% (Lsurumi- 


dake) 


874* (Kaimon) 
885*( » =) 


886* (Miyake-j. 
or vicinity) 


1085 


1112* 


itd 


1416 1421 


1468 
1471* 1473 
1475* 1476* 


1642 

1657 (Unzen) 

1663 ( » ) . 
1678 1684 1684 
1706 
1742 1749 


1756 1767 


ETC. 


Hachijo-jima, 
Aoga-shima, 
ete. 


838* (Kozu-shima.) 


1487 (Hachijé.) 


TOLS Aa 


1605 ( » =) 


1606 (Subm.,near 
Hachijo.) 


1652 (Aoga-shima) 
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Kaimon, Z Hachijo-jima, 
Sakura-jima. ° Unzen, Oshima. Miyake-jima. | Aoga-shima, 
ete. ete. 
LGFS se AT faa LS 1780* (Aoga-shima) 
1780-99 (10 erups.) Ie Se he iho N iC age a 
1789 Too eere wey 
1792*(Unzen) | 1803 1785* « 


1813 (Suwanose) 1811 
1822 


1860(?) 1870 
1876 1880 (Kita Iwo- 
jima.) 
1912* 1912* 
1914* (Jan) 


1914* (May) 


4. List of recent volcanic eruptions in Japan. Table VIII gives a list 
of the yearly number of eruptions in different parts of Japan dur- 
ing the 35 years since 1880, relating to 25 volcanoes (fig. 1), as 
follows :— 


TABLE VI. NUMBER OF RECENT VOLCANIC ERUPTIONS IN JAPAN. 


District. Voleano. Number of 


Eruptions. 
Bandai-san. 1* 
(i). kes ‘ 
atara-san. 
Northern part of Honshu ea > - 
(Main Island). Azuma-san (Issaikyo). 8 
Katta-dake (Zoo-dake). 4 
Asama-yama. ah Gries 
li). 
Yake-dake. 43* 
Central part of Honshu ae aaa ; 
(Main Island). Shirane-san (near Kusatsu). 8 


Shirane-san (near Nikko). it 
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TABLE VI. (Cont.) 


District. Volcano. pha. 
Oshima (Izu). *% 
ait), Tori-shima. 
Islands of Fuji Voleanic ae (near North Iwo-jima). 
Chain. % oe 
” ( ,, South Iwo-jima). a 
» (_,, Bayonnaise Rock). 3 
Tarumai-san. as 
Komaga-take. 2 
(iv). Usu-san. 14S 
Hokkaido and Kurile Shiretoko (in Kitami). 2) 
ae Shimanopli (in Kunashiri-jima). J 
Moyoro (in Etrup-jima). 1 
Shinshiri-jima. 1 
Aso-san. 11 
(v). Kirishima-yama. 27 
Kyushu and Lyukyu. Sakura-jima. iB 
Suwanose-jima. 5* 
Tori-shima (Lyukyn). sh 


*....Including one or more large eruptions. (1)....Group. 


Of the different volcanoes tabulated above, Asama, Kirishima, 
and Aso made within the time limits under consideration very 
frequent outbursts, none of which were, however, of a gigantic 
magnitude. Of these three mountains, Kirishima broke into erup- 
tions, on the whole, in alternation to those of Asama and Aso. 
(See also §2.) On the other hand, the four volcanoes of Bandai- 
san, Oshima, Usu, and Sakura-jima, each of which renews the 
activity after long intervals of relative rest, made very powerful 
eruptions during the interval since 1880. 
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The regional connection in the eruptions of the volcanoes 
belonging to the different groups is clearly indicated in Table VII. 
Thus, the 4 volcanoes of Group (i), situated close to each other 
in the boundary districts of the two provinces of Iwashiro and 
Rikuzen, made altogether 18 outbursts, which were limited to the 
13 years between 1888 and 1900. Then followed the. marked 
activity of the southern portion of the Fuji volcanic chain, namely, 
of the islands stretching from the coast of Izu to the Volcano 
Islands group; the explosion of Tori-shima in 1902 having been 
followed, during the 12 years between 1904 and 1915, by the 
lava eruptions of Oshima and the submarine outbursts near the 
Bayonnaise Rock and the North and South Iwo-jima’s.  Simult- 
aneously, the northern portion of the Fuji chain expressed its 
activity in the numerous volcanic explosions of Asama and Yake- 
dake, respectively since 1899 and 1907; there being also between 
1905 and 1910 the eruptions of the three voleanoes of Komaga- 
take, Tarumai-san, and Usu-san, situated on, or close to, the 
coast of Voleano Bay, in Hokkaido. 

On the whole, it may be said that the great lava eruption 
of Suwanose-jima in 1884 and the tremendous explosion of Ban- 
dai-san in 1888 were followed by an epoch of comparative rest 
for the 15 years, between 1889 and 19038, during which the vol- 
canic outbursts were weak and not very numerous, Since 1904, 
however, the eruptive manifestations were greatly increased, both 
in intensity and in number, culminating in the epoch of 6 years 
between 1909 and 1914, during which interval there were al- 
together 194 eruptions from 11 different volcanoes. It was in 
1914, when 7 voleanoes were in activity, that Sakura-jima made 


the last great eruption. 
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TABLE VII. LIST OF THE YEARS OF ERUPTION OF THE KYUSHU 
AND THE FUJI CHAIN VOLCANOES. 


*_...Large Eruption. 


Sak ‘ Kaimon, 
Ne Kiri- |Sakura-| Unzen, 


Miyake-| Hachijo-j., 
shima. | jima. oe 
ete. 


Fuji. | Asama. Oshima,|" s: Aoga-shima 
oe etc 


685* 
742(?) 
764* 
781 [Subm. 
ae 788 ae 
826 838* 
856(?) [Kozn- 
9G64* 864. shima. ] 
867 867 
870 (Tsurumi-d.] 
874* 
[Kaimon. ] 
885* 
937 [Kaimon.] 886(?) 
999 945 : 
1033 
1083 1085 
1108* 
1112 ue 
1154 
1167 
1183 
1235 
1238 
1269 
1271 
1274 
1338 
1335 
1340 
1375 
1388 
1416 
1421 
1434 
1468 1469 
1471* 
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Kaimon, 


Miyake- Hachijo-j. > 


By Kiri- | Sakura-| U Rag eae c 
Fuji. |Asama.| Aso. ehimien’ eyirial Suwanoze, |OShima. jima, |Aceeshime, 
ete, SS: 
1473 (May) 1473 (May) 
1475* 
1476* 
1487 
1506 ; [Hachija. ] 
IONE 1518 
1522 [Hachijs. ] 
5 
1524 
1527 
1528 
1532 
1533 1535 
1542 
1554-5 
1560 
562 
1564 
1566 
1574 
1576-8 
1582 
1584 
1585 
1587 
1588 
1592 
1595 
1596 (May) 
1596(Aug,) 
1598 1598 | 1598- 
1600 
1605 1605 
[ Hachijo. ] 
1606 
Subm, 
1612 1617-8 AS he 
7 Hachijo. | 
1627 1631 
1637 
1642 1643 
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im Kaimon, 
Kiri- |Sakura-| Unzen, 
shima, | jima. | Suwanose, 

+4 fete, 


Hachij6-j., 
Aoga-shima, 
etc. 


Miyake- 


ji. ama. : Oshima.) :: 
Fuji. | Asama.| Aso jima. 


1645 (Feb.) 


1645 (May) 
1647 (Feb.) 


1647(Mar.) 


1648(Mar.) 
1648(Aug.) 
1649(Aug.)) [649 


1651 
1652 
1655 
1656 
a 1657 
1658 [| Unzen. } 
1659 1659-61 
1660 
1661 (Apr.) 


1652 
[ Aoga- 
shima. ] 


1661(Apr.) 


1661 (Oct.) 


1662-4 
1663 
1668 [Unzen. | 


1669 
1675 
1677 | 1678 
1683 1684.(Mar.) 


1684(Apr.) 


1691 
1700 
1704 
1706 1706 
L707* 
1708 — 
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Kaimon 
we Kiri- |Sakura-| Unzen, |- 1- Miyake-| Hachijo-j, 
Fuji. | Asama.| Aso. Siem iat Sunes, Oshima. = z Acgn-shima, 
1709 
1710 
1711 1716 1712 
Awe ly TALC 
1718 
1720 
1721 
1722 
1723 (Feb.) 
1723(Aug.) 
1728 : 
1729 © 
1732 
1733 
1742 
1749 
1754(Aug.) 
1754(Aug.) 
1756 
1763 
1764. 
1765* 
1766(June) 
1766 (July) 
1771-2 
1776 
Wels LiCt* 
1778*(Apr.) 
1778*(Dec.) 
iN WR is 
1780(Sept.) 
1780 (Oct.) 1780 
1781(Apr.) ‘ 
1781(May) 1781 
1782 
1783* 1783 17838 
1785 1785 1785*@ 


(1) Aoga shima. 
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Sakura-| “Unzen Miyake-| Hachijo, 
+. : akura- elie (weet lyake-| 11achijo-j., 
Fuji. | Asama.| Aso. Aico wi Steeters Oshima. iin na, [Accashima, 
ete. ete. 
1789 
1790 
aT: 
1792* 
[Unzen.] 
1799 
1803 (July) 
1803(Nov.) 
1803( Nov.) 1803 
1806 
1811 
1813 
{Suwanose] 
1815 
1822 
1826 
1827 
1828 
1830 
1835 
1854 
1860(?) 
1866 
1869 
1870 
1874 1874. 
1875 
1876 
1ST9 
1880 
[Subm. near 
Kita- 
Iwojima.] 


a 


63-54 


)—1915. 

Group. |ghu and Lyukyu. a eties of 
mel Pome ak a-|. 8 
Bis | «eis or 5 a 

Den ae 2 eke 

1880 9 2 
1881 —e ae 
1882 D) 2 
1883 1 i 
1884 1 2 2 
1885 0 1 1 
1886 || 1 - 1 1 
1887 1 1 
1888 4 3 
1889 ik 5 5 
1890 2 2 
1891 2 1 
1892 = = 
1893 3 i) 
1894 yf 5 
1895 8 2 
1896 2 1 
1897 4 4 
1898 2 1 
1899 10 5 
1900 reas Ce 
L901 6 1 
1902 4 3 
1903 is 4 2 
1904 2 2 
Iso || oh nee ag 2 2 
1906 3 3 
1907 6 2 
1908 8 2 
1909 19 3 
1910 || 15 5 
LOLI 57 2 
1912 F1 4 
1913 48 3 
1914 1 1 34. 7 
1915 1 5 A 


TABLE VII. LIST OF YEARLY NUMBER OF RECENT VOLCANIC ERUPTIONS IN JAPAN, 1880—1915. mee 


(Gothic numeral indicates large eruption.) 


= ii). Central Par | : ; 
N. Part of Honshu. : ) Pree of Gi jee Pura Zone leiands (iv). Hokkaido and Kurile ir ety oe ne ees Total 

Telde. (v). Iyushu and Lyukyu. Niaherier 

a z 6 | of 3 s fs B13 eae : ae oe Z 
5 zs oo] pe ec & 2 ‘dea a) dss Bp ce ee ee Pemep Poe ee instream spel tS 5 = 
*« = Seeker | ot 2 ee eel 8 ee Be ole | tom (oe eee tiger me | $8) 8 | oF = S 
: mae os fed ee a e | a 2 Sic) emer er ss cet Je 
> 2 i 2 = ea > 
: J Silage 
2 2 
1 i 
edt 8 03) a 2 2 
ih L 
if L 
1 ab 
a 3 
ee 5 5 
2 2 
2 ih 
5) il 
a= | ——|_—— aly 5) 
8 5) 
5) it 
4 £ 
5) at 
10 3 
12 + 
be 1 
£ 3 
A 3 
2 2 
2 2 
5) 5 
6 2 
8 3 
penal, ca alioal| 2 nae eae 19 3 
15 5 
57 2 
21 f 
48 BS) 
34 rf 
5 a 


Errata. 


Table VIII, p. p. 53-54. The yearly frequencies of eruptions of 
Shirane (near Kusatsu) and Tarumai and the figures in the two right- 
hand side columns of the table for the interval of 1880 to 1883 are to 
be corrected as follows :— 


: (ii) Shirane | Total Number of 
Year. 0 (iv) Tarumai. 
peese ne MSU): Eruptions. | Volcanoes. 


es 
x 
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CHAPTER II. HISTORICAL ACCOUNTS OF 
SAKURA-JIMA ERUPTIONS. 


5. Submarine eruptions in Kagoshima Bay. The island of Sakura- 
jima is only 42 km distant from the great volcanic masses of 
Karishima. The existence of a deep sea area, namely, the northern 
portion of Kagoshima Bay, between these two mountains, is cer- 
tainly a remarkable geographical feature, and it is not surprising 
that there were submarine eruptions and formations of new islands 
on more than one occasions in our historical times. 

The earliest known voleanic disturbance in Kagoshima Bay is 
that of Dec. 764, which is recorded in “ Zoku-Nihonki ”’ (#8 EAS fe), 
one of the old national histories, as follows:— Sounds like 
thunders were heard towards the west, when, at the boundary of 
the two provinces of Osumi and Satsuma, the air was rendered 
dark by smokes and clouds, from which lightnings flashed out. 
The sky cleared after seven days, and it was then found out that 
in the sea off Shinni-mura (ff Mf #) of Kagoshima, sand and 
rock collected themselves into three new islets. These latter, 
exposing to view fires and vapours, like the furnace of a smith, 
were continuous and looked like a straight-ridged garden-house 
(4 fi 2 J#). 62 houses were buried under the islets, with the 
loss of more than 80 lives.” The new islets, called Kamizukuri- 
jima (“Islands created by gods *) or Onamochi-jima (Island of 
Onamochi), seems to have been shaken by earthquakes for the 
several succeeding years, as, ‘in July 766, the government sent 
relief among the distressed people. 13 years later on, or in Jan. 
779, there was established the temple of Onamochi on one of the 


new islets, probably because, by that time, the seismic and 
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volcanic disturbances had already completely ceased. The name 
of Kagoshima used in former times to be applied to the ex- 
tensive tract at the boundary of the two provinces of Satsuma 
and Osumi, and the village of Shinni-mura mentioned in the old 
record is probably identical with the present Shikine-mura* on 
the north-east coast of Kagoshima Bay, not far from the town of 
Kokubu. Thus, the above mentioned eruption very likely relates, 
not to Sakura-jima, but to a submarine volcanic outburst close to 
the coast of the last named place, where still exist two rocky 
islets known as Heta-kojima and Oko-jima; the third, whereon 
formerly stood the temple of Onamochi (now removed to the 
vicinity of Kokubu), having, by the subsequent subsidence, again 
disappeared under the water. The site is still known as the Miya- 
nosu (‘Temple shoal”’), its present depth being 21 fathoms. (See 
fig. 3.) Fig. 6, Pl. XII, is a view of the Kamizukuri-jima taken 
in Sept. 1914 from the vicinity of Hamanoichi at the northern 
coast of Kagoshima Bay. . 3 

6. Extinct craters of Sakura-jima. The three principal peaks of 
Kita-dake, Naka-dake, and Minami-dake arranged in the direction 
of N. slightly W. and 8. slightly E., form the top ridge of Sakura- 
jima, whose length is about 1.7 km and whose average elevation 
is some 1050 m above sea-level. Of these three peaks, the 
crater of Naka-dake is the oldest, and that of Kita-dake the next 
oldest, both being completely extinct. The southern peak, Minami- 
dake, is of a newer date than the other two and has a number 
of fumaroles emanating from near the summit. The Minami-dake 
crater, although it gave no lava outflow in the historical times, is 
still active in a sense, as in the great eruptions of the periods of 


*In the Satsuma dialect “ Shikine” is pronounced in a short contracted manner, somewhat 
like “Shinne,” 
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Anci (1779) and of Taisho (1914), it servea as the mouth of the 
premonitory outburst, whereby a black smoke column was shot 
vertically to a great height. 

The crater at the top of Kita-dake, or North Peak, is a nice 
regular depression, 400 to 470 m in diameter, which, being a good 
deal filled up, looks quite shallow. The rim is composed of three 
detached rocky remnants, whose maximum height before the erup- 
tion was 1133.5 m, but whose heights after the eruption were 
from 1110 to 1118 m above sea-level; the height reduction being 
mainly, if not entirely, due to the strong earthquake shocks which 
broke down to a more or less extent the cliff$ at and near the 
top portions of the island. The level of the crater bottom before the 
eruption indicated in the Military Survey map was 1037 m. There ig 
no fumarole on Kita-dake, which, in fact, gives no sign of activity. 

The crater of Naka-dake, or Middle Peak, which is slightly 
lower than Kita-dake, is almost entirely filled up, and forms a 
very shallow basin, about 340 m in N.S. and 150 to 200 m in 
E.W. direction; the S. rim, which forms at the same time the 
N. cliff of Minami-dake, having the height of 1070 m. 

The crater of Minami-dake, or South Peak, which is conticu- 
ous to that of Naka-dake, is much greater than the two others, 
and have the diameter length of about 640 m in N.S. and 500 m. 
in E.W. direction, with the depth of about 250 m. When visited 
on April 24th, 1915, fumes were being given out feebly from the 
W. and N.E. parts. of the inside of the crater, as well as 
from the outside slope, near the top, at the E. and S. sides. The 
crater of Minami-dake presents a sight much grander than that 
of Asama-yama, and has very precipitous inside cliffs; the ridge 
of the surrounding wall being at places very thin as to barely 
afford a footing for us to stand on. 
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The lava outflows in the Bummei period (1468-1476) and 
subsequent eruptions took place all from side craterlets situated at 
heights less than 750 m above sea-level. > 

Nabe-yama and Lbinoisuka. Nabe-yama, so called from its 
resemblance to an inverted Japanese cooking pot, is a low but 
highly characteristic parasitic cone, situated 3.0 km to the E. 
slightly 8. of Minami-dake, and a horse-shoe in form, with an 
opening at the E. side. The N.S. diameter of the flat top ridge 
is about 900 m and that of the base about 1600 m, the highest 
point, situated at the W. side, being 358 m above sea-level. 
Ebinotsuka is a much smaller but similar cone, 122 m in height, 
which is ‘situated 4.0 km to the due E. of Minami-dake. Although 
made up entirely of ash and pumice, these two hills have pre- 
served their form perfectly and consequently must have been 
formed at no very distant epochs. In fact, according to the writ- 
ings on the Anei eruption (1779) by Ijichi Kiken, of Tarumizu, 
the Nabe-yama crater is ascribed to the eruption of the 3rd year 
of the Bummei period, namely, 1471, a supposition which is by 
no means improbable. The explosion craterlets and lava sources 
of the eruptions in the Bummei and Anci periods, whose positions 
are indicated in fig. 2, will be described more in detail in No. OF 
of this Volume. 

7. Number of Sakura-jima eruptions. ‘he authentic record of the 
eruptions of Sakura-jima goes back to 1468. Since then there 
were in the course of 4% centuries altogether 26 eruptions or 
groups of eruptions of the volcano, whose dates, both Japanese and 
European, are given in Table IX. Jn the following §§ I give ac- 
counts of the strong Sakura-jima cruptions in the two periods of 
Bummei (1468-1476) and Anei (1779). 

8. Eruptions in Bummei period, 1468-1476. This series of the vol- 
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canic outbursts began with a small explosion in 1468. 3 years 
later, on Nov. 38rd, 1471, a strong eruption took place on the E. 
side, above Krokami, and threw out ash, sand, and burning 
stones, the lava outflow forming the cape of Omoe-zaki. It is 
recorded that in this case the burning stones accumulated into a 
rocky hill, which may possibly refer to the lava-source of Omoe- 
zaki or the parasitic cone of Nabe-yama. Then, the eruption of 
Sept. 24th, 1475, took place on the 8.W. side of Sakura-jima, 
from the vicinity of Nojiri-mura, causing outflows of lava. The 
eruption on Oct. 8th of the next year was preceded by strong 
earthquakes, which had began from the 8rd of the same month 
and was very active during about 1 week; the lava, which flowed 
out on this occasion, forming the cape of Moe-zaki at the S.W. 
end of Sakura-jima. (See fig. 2.) 

Fig. 5, (Pl. XII), is the view of Moe-zaki, photographed in 
Sept. 1915. The lava flow of the Bummei period remains, after 
the lapse of 440 years, still in a fresh state, being covered princi- 
pally by slender pine trees. é 

9. Eruptions in Anei period, 1779. The eruption of the 8th year of 
Anei. took place in a fine and quiet weather. The local earth- 
quakes, which constituted the precursory disturbances of the vol- 
canic outburst, were composed of very sharp movements of short 
duration, often quite strong in intensity. These began to occur in 
the island already from about 6 p.m. on Nov. 8th (lunar calendar, 
Sept. 29th), the festival day of the Gosha-Daimyojin, of Akamizu, 
the principal temple in the island, with a high frequency of 30 to 
40 in one hour, not decreasing in activity even after the noon of 
the next day, the 9th (lunar calendar, Oct. 1st). On the morn- 
ing of the latter day, the colour of the sea water became purple, 


while the well waters at the beaches bubbled up and _ flowed 
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out copiously in small streamlets. In the city of Kagoshima, 
earthquakes were incessantly felt since 8 or 9 p.m., on Noy. 8th, 
till the next day, at about 11 a.m., thin white smokes were vert- 
ically projected from the Shiramizu (‘‘ White pond”), or the crater 
at the top, of Minami-dake. This was the opening step in the 
process of the eruption, and was followed at about 2 p.m. by a 
tremendous outburst from a place termed Moeno-kashira (‘* Source 
of burning’) at the §S. flank of Minami-dake and above the 
village of Furusato. The detonation of the explosion was ex- 
cessively loud, and the column of dense gray and black smokes, 
like masses of cotton, which gave out innumerable flashes of 
lightning, ascended vertically, pierced through layers of clouds, and 
reached a height of 3 ri 2 cho 16 ken*, or 12,030 metres, thence, 
spreading out in the form of an open umbrella, was gradually carried 
eastwards. (Sec fig. 11.) From the town of Tarumizu (province 
of Osumi), situated at a distance of 8 km to the S.E. from the 
scene of eruption, could be distinctly observed with naked eye the 
lava fragments which were projected out from among the smokes 
like groups of flying birds, causing at once conflagrations of the 
houses or plants they fell on. After a time, the smokes spread 
over the city and caused the precipitation of ash, followed by 
that of sand, rendering the air completely dark, while the earth- 
quakes and thunders became more and more intensified. At the 
first strong outbreak, the inhabitants of Kagoshima, which suffered 
no direct damage from the eruption or the earthquakes, were 
seized by panic, in consequence of the imagined dangers from the 
rushing of gigantic tsunamis, an enormous accumulation of burning 


stones and ashes, etc. Thereupon, by order from the feudal 


* According to the estimation made at the Meiji-kwan (old astronomical observatory) in 
the city of Kagoshima. 
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Fig. 5. Moe-Zaki, (“« Burning Cape”) at the S.W. end of Sakura-jima, formed by the 
lava flow of 1476. 


Fig. 6. View from N.E. of Kanzukuri-jima (“Islets created by gods”), the Heta-Kojima and 
Oko-jima of the present day, formed in 764 near the N. coast of Kagoshima Bay. 


Fig. 7. View from W. of Moe-jima (“ Burning Islet’’), formed in 1780 off the N.E. coast of Sakura-jima. 
(F. Omorr, photo.) 
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Fig. 8. View from N.E. of Sakura-jima with Kita-dake (K), Naka-dake (N), and Minami-dake (M) tops 
arranged from right to left. At the upper flank of Kita-dake, there are shown two old large side 
“ Higona”, or craterlets. In the fore-ground, at the middle, there stands the half buried Sono-yama, 
with Jaya flows of 1779 on both sides. ‘ (F. Omort, photo.) 


Fig. 9. Sono-yama (S) and Pond (P), with the lava flow (L) of 1779 at the right-hand side. Kita-dake and 
Naka-dake tops are shown on the back-ground, (F. Omori, photo.) 
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government, prayers were being fervently offered in the nine 
principal Buddhist temples of the city for the pacification of the 
voleanic disturbances, when, at about 4 o’clock on the same after- 
noon, strong outbursts took place also from the N.E. slope of the 
mountain, at a locality termed Kamekake (jf #}), above the old 
village of Komen (7? %). 

The violence of the eruption was considerably augmented 
about 12 hours after the commencement, namely, in the early 
morning of the next day, Nov. 10th. Thus, at the village of 
Futamata (= jt), on the N. coast of the island, hot lava fragments 
began to fall there from about 3 a.m. on the 10th; while, in the 
city of Kagoshima, the detonations became specially strong from 
about 5 a.m. on the same day. It is probable that the eruption 
entered in the morning of the 10th on its phase of the maximum 
explosive activity, followed then by the epoch of the lava outflow. 
Thus, the lava stream on the Furusato side probably flowed out 
on the night of Nov. 11th, as it is recorded that an Arimra_ vil- 
lager, who had been staying at Akamiz to partake in the festival 
of that place, thence walked on the same day along the south 
coast of the island to the village of Seto without encountering any 
lava stream at all. In fact, the Anei lava at Furusato is not 
covered by pumice and consequently must have flown out sub- 
sequent to the heavy precipitation of the latter. 

The eruption was most active on Novy. 9th and 10th. At 
Tarumizu and the neighbourhood, to the S8.E. of Sakura-jima, the 
smokes became thinner on the next two days, the sky becoming 
gradually clear after one week, on the 16th. The weather, which 
had remained fair during the first three days of the eruption, 
changed on Noy. 12th, when, in Kagoshima, there was first, under 
an easterly wind, a precipitation of ashes and the air became dark 
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between 10 a.m. and 2 p.m. Ashes fell there also on the 13th | 
and 15th of the same month. 

Detonative sounds. The sounds of the eruption must of course 
have been perceived at a considerable distance from the volcano. 
Thus, at the city of Oita, 206 km to the N.E.N. of Sakura-jima, 
sounds like gun boomings were heard during the night of the 
8th and on the 9th, Nov. At the much nearer town of Miyako- 
nojo, there were 5 or 6 earthquakes during the night of Nov. 8th, 
and the sky became cloudy from about the noon of the next day, 
when sounds like thunders began to be heard. 

Ash-precipitation. According to § 18, the accumulation of 
pumice on this occasion was very thick in the eastern and south- 
eastern parts of Sakura-jima, being about 2.3 to 2.8m at the 
Arimra-Yunohama beach terrace, and 1.03 m at Krokami. The 
precipitations at these two places were due to the eruptions re- 
spectively from the §. and the N.E.N. side craterlets. Outside 
the island, the accumulation was thickest and amounted to 3-6 ft 
on the Sakkabira (Hayasaki) promontory and at the village of 
Obama, on the coast of the province of Osumi, and 4.8 to 5.4 
km to the E.S.E. of the Furusato side craterlets, thence gradually 
diminishing southwards, till it was reduced to about 0.25 ft at 
Tarumizu, 11 km to the S.E.S. of the same sources of eruption. 
On the N. coast of Kagoshima Bay, there fell at Shikine ashes 
only, not mixed with sand or pumice. In the province of Hyuga, 
the amount of precipitation was about 10 mm at Miyakonojo and 
Miyazaki, and 120 mm at the town of Obi, these three places 
being situated respectively 42 km to the N.68°H., 838 km to the 
N.63°E., and 66 km to the N.86°E. of Sakura-jima. 

The ashes were carried, as in the case of the eruption of 


1914, principally towards the east, their slight precipitation, on 
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Fig. 10. Old Sketch Map of Sakura-jima Eruption in Anei Period (1779), 
illustrating the outbursts from different places in and out of the Island. 


(Reproduced from Ijichi Kiken’s “ Accounts of the Personal Experiences in the Anei Catastrophe.’’) 
(1) Craterlet whence the first or earliest eruption took place. 


(2) Source of the Furusato Lava Stream. 
(3) Craterlet still remaining in the vicinity of the present village of Komen. 
(4) Moe-zaki (Bummei Period). (5) Omoe-zaki (Bummei Period). 
° 
oS a So 
a 
re e r S ‘= 
=" g : 5 re 
* 3 E 
“ it Ly 3 eo ry 46, 
e =~ 
moe 
ae. 
Been ea 5 
ap > . * 
Sth AEE Eee 
me 2 ft 
a ayy yg 
= be 


ot 


S$ See 4 
# & x 4t ie 


Se 


LIBRARY 
OF THE ~ 
UNIVERSITY OF ILLINOIS 


Pia x Ne 


Fig. 11. View of Sakura-jima taken from Tarumizu, illustrating the 
first outburst in the eruption of 1779, The crooked lines shooting 
out of the smoke column are the symbolical representations of 
lightning flashes, The original drawing is given by Ijichi Kiken in 
his ** Accounts of the personal experiences of the Anei catastrophe.” 
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Noy. 10th and 11th having been reported from the coast of Tosa, 
and some places in Kii, Owari, Ise, and the Kuanto provinces. In 
Yedo (Tokyo) it was cloudy and cold on Nov. 9th, and the ashes 
which had began to fall in the night of the 9th, like mist or 
snow, ceased on the 10th, when the weather became fair. In 
Osaka, there was some precipitation of sand on the 9th: At the 
town of Tanabe, on the 8.W. coast of the peninsula of Kii, the 
precipitation of ashy sand, which continued from about 8 p.m. on 
the 8th till the morning of the 9th, was some 3 mm in thickness, 
the amount being greater along the S8.E. coast of the same _pro- 
vince. In Nagasaki the ashes began to.fall from the evening of 
the 9th. ; 

Assuming the ashes thrown out by the first outburst of 
Sakura-jima on Nov. 9, at about 11 a.m. to have been carried to 
the distant places named above, their progress through the radial 
distance of 960 km to Yedo took about 12 hours, giving the high 
mean velocity of 80 km or 50 miles per hour. On the other hand, 
the precipitation of ash and sand at some places nearer the 
voleano occurred after a comparatively long time interval. Thus, 
at Miyakonojo, the ashes (white sands) began to fall only at 4 
‘p.m. on the 9th, or about 5 hours after the commencement of the 
eruption. 

10. Sono-yama and pond at Moto-Komen. Sono-yama, which is a small 
solitary hill, 78 m in height, situated near the N.E. coast of Sakura- 
jima and opposite Moe-jima, was not buried by the lava flow in 
the Anei period, 1779. As will be seen from figs. 8 and 9, (PI. 
XIIL), the lava which enveloped the hill from back was divided 
into two branches and descended along the two sides, and again 
uniting at the front, have formed a small pond 70m long and 50 


m wide. The shortest distance between the pond and the sea is 
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100 m and is along the line of confact of the two lava branches, 
whose height is 6 to 8m above sea surface. The water in the 
pond, which is blue and salty and has a depth of about 7 fathoms, 
rises and falls with the tide motion of the external sea, there be- 


ing apparently some sort of communication between the two bodies 


S 


Fig. 12. Sono-yama seen from sea (u.N.x.). 

S....Sono-yama, L....Lava flow of 1779. 
of water. In fact, the old lavas forming the projecting coasts of 
the island, namely, Nishiseko-hana, Kwannon-zaki, Omoe-zaki, 
Moe-zaki, etc., are very discontinuous, being broken through with 
wide and deep chasms and also with cavities of different size. 
Hence it must be quite easy for the sea water to permeate for 
not a small distance inward from the actual coast. 

The neighbourhood of Sono-yama is called Moto-Komen, (‘ Old 
Komen ’’), because it is the original site of the village of Komen. 
To the east of the hill there had existed, before the Anei period, 
a small inlet, wherein two large fishing vessels could lay at 
anchor. As the old village was buried under the lava in 1779, 
the inhabitants emigrated to the vicinity of the town of Kokubu 
at the north coast of Kagoshima Bay, but came back after the 
lapse of 27 years and settled at the present site of Komen. 

The small. narrow sea-coast place of Uranomae, § km to the 
S.E. of Moto-Komen belonged originally to the old village of Ko- 
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men. It is bounded on the W. side by the terminal and _-side 
‘embankments ”’ of the Anci lava flows, and on the E. side by 
Omoe-zaki, or lava stream of the Bummei (1471) eruption. 

A large “dry lake,” or depression area, about $ km in length, 
near the junction of the Krokami and Uranomae roads, is an un- 
covered or lava-free piece of ground, which probably had formed 
the outside slope of a hill. Similar, but smaller, spots exist also 
in the vicinity of Sono-yama. 

11. Damage caused by Anei outburst, and after-eruptions. According to 
the official report under the date of Jan. 15th, 1780, the damage 
caused by the eruption consisted of the death of 79 men and 74 
women, beside 285 horses killed, and of the destruction of 13 
temples, 500 houses, and 12 boats, the injuries to the cultivated 
fields amounting to 10,520 kokw in permanent loss and 13,041 koku* 
in temporary loss. 

The inscription on a stone monument (#2 I (t He SF PR), erect- 
ed in the winter of 1779 on the ground of the Nanzenji temple 
in Kagoshima to the memory of the unfortunate victims, put the 
number of the latter at the different Sakura-jima villages at 148, 
as follows :—Furusato, 6; Arimra, 57; Waki, 34; Seto, 46; 
Krokami, 5. Thus the amount of casualty was greatest at the 
three villages of Seto, Waki, and Arimra, at the S.E. coast of the 
island, while there was no loss of life at Komen, on the N. coast, 
which occupied the site now known as Moto-Komen and was 
entirely buried under the lavas. Again, the houses in Furusato, 
Arimra, Waki, and Krokami, were almost entirely burnt down by 
voleanic ejecta. At Seto, however, there remained some _ houses 


standing, as the shortest radial distance was 4 km and the fiery 


* 1 koku, a Japanese measure used for both wet and dry goods, is equal to 5.0 bushels or 
180.4 litres, 
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lava pieces were precipitated there only to a slight amount, on 
account of a sufficient removal of the village from the craterlets. 
The disastrous consequences of the great volcanic convulsion lasted 
for a long succeeding time interval, and according to the 2nd 
official report under the date of July 27th, 1780, there was a 
further addition of the temporary damage to cultivated field ‘to 
the amount of 15,651 keku, beside 21,500 mandarin orange trees 
and 129,500 other trees destroyed, while 1,576 horses and 135 
cattle died from the want of forage. 

On Sept. 9th, 1780, at midnight, a submarine outburst took — 
place, which sent up fires and smokes to a considerable hight, 
causing “ tsunami,’ whose waves were 20 ft high at the beach 
of Koike on the W. coast of Sakura-jima, at the N.E. base of 
Hakamagoshi. The official report under the date of Nov. 28th, 
1780, states that some of the new islets, which had arisen off 
the N.E. coast of Sakura-jima, gradually increased in size, and that 
the stronger submarine eruptions were accompanied by large sea- 
water disturbances, which rushed in over the neighbouring coasts 
and also flooded the strand streets of the Kagoshima city. The 
damage resulting from these “tsunami,” up to Sept. 1780, was as 
follows :—permanent and temporary losses to cultivated field, re- 
spectively 675 and 17,647 kokw; numbers of houses completely 
and partially destroyed by the waves, respectively 168 and 630; 
habitation grounds washed by sea-water, 417 pieces; lengths of 
broken embankment roads, masonry walls, and river banks, re- 
spectively 11,380; 1,237; and 670 ken.* 

On April 11th, 1781, at about 4 p.m., outbursts took place 
from several points under the sea near the new islet (Moe-jima) 


as well as from the older land craterlets and threw up mud, 


* 1 ken=6 feet very nearly. 
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ash, and sand, accompanied by earthquakes, causing a “ tsu- 


b) 


nami,” upsetting three boats at Uranomae (between Moto-Komen 


and Omoe-zaki, and opposite the Moe-jima islet) and drowning 14 
men and 1 woman, who had come from Matsuura (## iff), Shirahama 
(41 ti), and Taniyama (4 1), for fishing or collecting fuel there- 
abouts. On this oceasion, there was at Koike the in-rush of large 
waves 10 times repeated, while mud rain fell at Krokami and 
Seto to the thickness of nearly 1 foot. On May 1st, 1781, deto- 
nations and outbursts followed from the same sites as on the 
preceding occasion. The damage due to these disturbances was as 
follows :—temporary loss to cultivated field, 1503 koku; number of 
houses partially and completely destroyed by the waves, respec- 
tively 672 and 23; habitation grounds washed by sea-water, 273 ; 
broken bridges, 6; lengths of broken embankment roads, masonry 
walls, and river banks, respectively 7,349; 1,190; and 1,625 ken. 

On Jan. 18th, 1782, at 4 p.m., submarine eruptions took place 
off the coast of Moto-Komen, the firely smokes being well observ- 
ed from Koike. None of the subsequent eruptions was submarine. 

On Nov. 20th, 1785, at midnight, outbursts with low detona- 
tive sounds took place from the former craterlets, which, though 
of a short duration, were attended by flashes of lightnings and 
sent up fires and smokes to a great height, precipitating ash 
at Seto and some pumice at Krokami. The people fled across to 
Ushine and Tarumizu, but there was no casualty. 

12. Anei new islets. ig. 10 is a reproduction of the map 
given by Ijichi Kiken, of Tarumizu, in his accounts of the per- 
sonal experiences in the Anei catastrophe, indicating the eruptions 
from a number of points, several of which were situated off the 
N.E. coast of Sakura-jima. The remarkable consequence of the 
numerous submarine outbursts was the production in the 8th and 
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9th years of Anei of a number of islets, within the maximum dis- 
tance of 3.1 km from the coast,. between Nishiseko-hana and 


Uranomae, whose order of appearance was as follows :— 


Japanese Calendar 


[8th Year of Anei] European Calendar. 


No. 1. Ichiban-jima. 10th month, 14th day ...... Noy. 21st, 1779. 
Ist |No. 2. Inoko-jima. 2 as both “fo tees yw “22D; -5; 
Series] No. 3. Nakano-shima. 11th PS 6th (night)...... Dee. 13th, = ,, 
No. 4. Iwo-jima. LAth ae Sth (-,. )...+..dan. Lothe foe 
[9th Year of Anei.] 
No. 5. hg 4th month, 8th day........ May 11th, 1780. 
Moe-jima. 
No. 5’ “ 3 3 a eee eae "; Fs + 
cae No. 6. 6th... 11th Fale 12th 
eries 
No. 6’ | Doro-jima.| 9th __,, 2nd th hee ee Sept. 29th, ,, 
Noe6 ASE tans Slab gies seek eee oe Now.l 9th; ae 


Of the new islets, whose original number was nine, the four 
of the Ist series were composed of lava, and remained separate. 
On the other hand, the five of the 2nd series were composed of 
pumice and sand, and suffered subsequent unifications in two 
groups, due probably to the elevation of their bases. 

No.1 lava island again disappeared under water 8 months 
10 days after its formation, namely, on Aug. Ist, 1780. The two 
sandy islets, Nos. 5 and 5’ were amalgamated into one 23 days 
later on, namely, on June 3rd, 1780, the result being the Moe- 
jima of the present day. The three other sandy islets, Nos. 6, 
6’, and 6”, were also subsequently connected into one, called Doro- 
jima (Mud Island) or Yebisu-jima (Fisherman’s Island), the latter 
name having been given on account of the abundance of fish 
in its neighbourhood. 

The 4 lava islets of the 1st series were formed successively 
from W. toward E. between Noy. 21st, 1779, nearly 2 weeks 
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from the day of the first 
Anei outburst, and Jan. 15th, 
1780, or during the 54 days 
immediately after the dec- 
line of the eruptive activity. 
‘The two groups of the sandy 
islets were, on the other 
hand, formed between the 
6th and 12th” months after 
the commencement of the 
eruption. This wide dif- 
ference in the dates of for- 
mation of these two series 
of islets seems to point out 
also a dissimilarity in their 
nature. 

mccoraing to fic, 13, 
which is a reproduction of 
a drawing made on Dec. 
18th, 1785, as well as ac- 


Fig. 13. Map of the Anei new islets formed 
off the coast of Moto-Komen, drawn on Dec. 18th, 
1785, giving the height and circumference of the five 
principal ones. From left (north) to right (south), 
Inoko-jima, Doro-jima (Yebisu-jima), Iwo-jima (Naka- 
no-shima), Iwo-jima, and Moe-jima (largest). 


cording to an official document under the same date, the three 


lava islets of Inoko-jima, Nakano-shima, and Iwo-jima were low 
in elevation and had the heights respectively of 8, 16, and 12 


shaku while the two sandy islets of Moe-jima and Doro-jima were 


respectively 60 and 28 shaku in height. The comparison of the 


former, with the present, dimensions of the islets in question is 


given in fig. 14 and is as follows :— 
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Dimensions* 
Islets. : : 
in 1785. at the present time. 
Height. Circumference! / at high tide, entirely covered by water, 

Inoko-jima. 8 shaku. 9, cho. except two or three points. 
Lava : 
Tslets. | Nakano-shima.| 16 6 Height = 22 shaku. Cirfee=4 cho. 

Iwo-jima. 12 4 i D ee be De 
Sandy Moe-jima. 60 203 99 145 99 99 16 99 
Islets. D oro-jim 4 28 13 (ea entirely covered by water, ex- 


cept two or three points. 


* 1 shaku=1 foot very nearly; 1 cho=360 shaku. 
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Fig. 14. 


The corresponding numbers, measured from the 1/50000 Military Survey map (previous to the 
recent eruption), are given in brackets, 


I ....Ichiban-jima (submerged). II....Inoko-jima. * IIL....Nakano-shima. 


Map of the Anei Islets, indicating the height (H) and-circumference (C) in 1785. 


IV....Iwo-jima, V....Moe-jima. VI....Doro-jima. 
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i‘. The circumferences of the different islets seem on the whole 
to have been lessened since the Anei period, the diminution being 
specially marked in the case of Doro-j -jima. 3 

The new Anei islets rose, according to the documents of the 
times, from the sea bottom originally 70 to 90 fathoms in depth. 
This looks likely enough from an inspection of fig. 3, the portion 
of Kagoshima Bay to the north of Sakura-jima having nearly an 
uniform depth of 70 to 80 fathoms, except about the islets in question 
off the N.E. coast of the island, where the water is shallow. (See 
fig. 16.) The submarine extension of the lava of 1779, which is 
most marked about Cape Nishisecko-hana, seems to end at a dis- 
tance of only about 1km from the apex of the latter, and the line 
of 50 fathoms depth which includes the Anei islets and extends 
about 4km from the N.E. coast of Sakura-jima, marks approxi- 
mately the boundary of the area probably clevated during the 
eruption in question, being separated from the latter coast by 
a narrow ditch of depth greater than 50-70 fathoms, to be 
supposed to represent the remnant of the original sea bottom. The 
three islets of Inoko-jima, Nakano-shima, and Iwo-jima, together 
with the submerged Ichiban-jima, lie roughly on a straight line 
joining the land craterlets of 1779, and seem to have been the 
results of lava eruptions from the sea bottom subjected to a pre- 
vious elevation. The formation of two sandy islets of Doro-jima 
and Moe-jima, which have an extensive submerged base and toge- 
ther constitute a shoal parallel to the coast and normal to the 
craterlets zone above mentioned, may not be the direct result of 


submarine eruptions, but be due entirely to the elevation phenomena. 


2 eS eee 


Pig. 15. Moe-jima (Anei-jima) seen from W. 
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This supposition was also put forward by Mr. K. Yamaguchi, of 
Kagoshima Girls’ Normal School, who found shell fossils among 
the pumice layers of Moe-jima. The latter has a series of trans- 
verse stepwise dislocations, which dip down southwards, apparently 
indicating the location of the centre of elevation between the two 
sandy islets. Fig. 7, Pl. XII, is a west side view of Moe-jima, 
taken in Sept. 1914 from a near distance. The village occupies 
the low ground at the middle between the N. and the S. elevations, 
The islet was inhabited first in May 1800, or nearly 20 year after 
its formation in the 9th year of the Anei period. 

It is interesting to note that the centre of depression caused 
by the great recent eruption of Sakura-jima is situated under the 
sea to the north of the island, adjacent to the above-mentioned 
area elevated subsequent to the Anei (1779) eruption. 

13. Condition after the Anei eruption. After the great eruption of 
Anei (1779), the voleano caused ash-precipitation at intervals even 
as late as 1809; the sounds like distant thunders being sometimes 
heard with easterly winds in the city of Kagoshima. It ig thus 
probable that the slight eruptive disturbances did not completely 
cease for more than 30 years. In the earlier part of the Meiji 
era, which began with 1868, only white smokes were issuing from 
the top of Minami-dake, and it is said that these vapours became 
much abundant between the end of 1878 and about March of the 
next year. More recently, the white smokes from the top de- 
creased very much, such that these could be observed from the 
city of Kagoshima only once or twice each year; the mountain 
having continued in this state till the occurrence of the great out- 
burst of 1914. Almost simultaneously the Oshima (Izu) was under- 
going a similar change in the volcanic activity ; its smokes, gradual- 
ly reduced in amount, finally stopped completely in 1909-10, as a 
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Fig. 16. Map showing the Sea-depth about the Anei Islets. 
(The depth is given in fathoms.) 
I....No,1 Islet (submerged). II....Inoko-jima. III....Nakano-shima. 
IV... .Iwo-jima. V....Moe-jima. VI....Doro-jima. 
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‘precursory event to the great eruption of the mountain in 1919. 
A temporary extinction of once abundant smoke emission from a 
‘voleano seems thus to be often the first stage in the course of a 
subsequent strong outburst. 

Fig. 4 is a fac-simile of a picture given in the “ Sangoku- 
Meisho Zue,” a collection of historical and geographical informa- 
tions relating to the three Shimazu provinces of Satsuma, Osumi, 
‘and Hyuga, compiled in 1844, and represents the view of Sakura- 
jima taken from Kagoshima city, with the islets of Oko-jima and 
‘Karasu-jima at the right-hand side, the latter of which has been 
buried by the lava flows of 1914. 

14. SUMMARY. ‘The 26 eruptions of Sakura-jima between 1476 
and 1914 may be grouped more or less distinctly into 3 principal 
-activity epochs, I, H, and ITI, and two auxiliary epochs, II,A and 
I1,B, both premonitory to Il, (Table IX), namely, as follows. 

I: Active eruption epoch. This extends over 8 years, 1468 to 
1476, and includes the 5 eruptions Nos. 1 to 5, amongst which 
those in 1471, 1475, and 1476 were large outbursts. 

IA: Kpoch of premonitory disturbances. There were 4 small 
eruptions, Nos. 6 to 9, which occurred in the course of the 100 
years, 1642 to 1742, at the successive intervals of 36, 28, and 
36 years, with the mean of 33 years. 

1,B: Epoch of premonitory disturbances. This extends over 
24 years, 1742 to 1766, from the eruption No. 9 to the eruption 
No. 13, all of which were also small, and whose successive in- 
tervals were much shorter than in the preceding epoch, being re- 
spectively seven, seven, and ten years.* -13 years after the crup- 
tion No. 13, there took place the catastrophe of the 8th year of 


* Taking simply the years of occurrence of eruptions, or counting as one the two distur- 
bances in June and July, 1766. 
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Anei (1779). The mean interval during this epoch was about 9 
years. . . 
II: Active eruption epoch. The great eruption of 1779 (No. 
14), which began on Nov. 9th and diminished in intensity after a 
few days, continued to be followed for about 12 months by fre- 
quent volcanic outbursts. Further, during about 20 years between 
Sept. 9th of the next year and March 27th, 1799, there were 10 
small eruptions: of which the five, Nos. 15 to 19, happened in 
the course of the earlier 16 months, and were each a submarine 
outburst accompanied by a ‘‘ tsunami,” or sea-water disturbance. 
The subsequent eruptions were different in character, each being a 
small explosion in the island, probably from a former  craterlet, 
which caused some ash-precipitation, but was accompanied by no 
“tsunami.” During the 115 years between the II. and III. epochs, 
there was no eruption, with the single exception of No. 25, which 
probably consisted in a slight ash-ejection. 

I: Great recent eruption. Jan. 12th, 1914 to April 1915.* 

In each of the three great eruption epochs J, II, and III, there 
took place a marked lava outflow from a number of craterlets 
arranged at two nearly opposite sides or bases of the mountain: 
in I, at the E.N.E. and S.W. sides; in II, at the N.E.N. and B. 
sides; and in III, at the E.S.E. and W.N.W. sides. The course of 
eruption in the I. epoch differed, however, in a marked way from 
those of the IJ. and III. epochs. Namely, in each of the two 
latter, the lava outflows took place from the two opposite mount- 
ain sides simultaneously, i.e., with the time difference of only a 


few minutes or a couple of hours; while in the case of the I. 

* As pointed out in No. 1, of this Volume, the Strait of Seto, between Sakura-jima and the 
mainland of Osumi has actually been blocked up on Jan, 29th, 1914, converting the island 
actually into a peninsula. In these pages, however, Sakura-jima is still often termed an island, 
meaning thereby the former insular volcano. 
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epoch, the first outburst occurred in 1471 at the E.N.E. part of 
the island, followed by two strong ones at the S.W. part respect- 
ively about 4 and 5 years later on. It seems probable that the 
underground tension, or the intensity of the volcanic force, reached 
a greater accumulation in the two later epochs, necessitating a 
simultaneous opening of several craterlets along a fissure or line of 
weakness, and from both flanks of the mountain. 

15. Lava areas and craterlets of the different eruptions. Fig. 2, which 
is to replace the preliminary map (Pl. 2) given in the preceding 
Number of the Bulletin, embodies the results of my researches 
respecting the areas of the lava outflows and the positions of the 
craterlets of the I. (Bummei, 1468-1476), II. (Anei, 1779), and 
Ilf. (Taisho, 1914) great eruptions. The extension of the lava 


areas is, leaving out the portions under sea-water, as follows :— 


LIN ALB 58 oe) a 4.3 sq.km.) ‘Total Area. 
acter S.W. 6 (Higher or 1st Stage Area) _, Q.8 5 6.4. sq. km. 
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Thus the land lava area of the III. (1914) eruption was very 
extensive and is nearly 17 sq. km, or 1.3 times those of the I. 
(Bummei) and II. (Anei) eruptions put together. | 

16. Volcanic eruption and lunar age. ‘That volcanic eruptions are 
more frequent at the time of high tide is a generally accepted 
idea, which is recorded also in the old accounts of the Anei period 
catastrophe, and which is verified more or less in the cases of the 
strong Sakura-jima outbursts. Thus the latter, five in number, 
happened as follows :— 
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The occurrence of these Sakura-jima strong eruptions at the time 
of the new moon and at or near the full moon is certainly a note- 
worthy fact. The great outburst of the Taal Volcano (Manila), 
in 1911, commenced its final or most active phase on the 30th of 
January, which also corresponded to the 15th lunar. day. 

17. Annual distribution of eruptions. ‘The annual distribution of 
the 23 Sakura-jima eruptions, of which the month of occurrence 


is known, is as follows :— 


Month. T. | TL | DIV Vy VE | VIL) VIET TX Xe XT 


Number of 1 
Strong Eruptions. 


0 
Number of 2 0 
Small Eruptions. 


Fig. 17. Annual Distribution of Sakura-jima Eruptions. (¢=month.) 


(y=Number of large eruptions.) 
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(y=Number of small eruptions.) 
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Thus the strong Sakura-jima eruptions occurred exclusively’ in 
September to January, while the small ones indicated a tendency 
of an opposite annual frequency variation and occurred mostly in 
March to September. (See fig. 17.) | 

1S. Accumulation of pumice and formation of soil. The extensive lava 
flows and the thick accumulation of pumice and ash caused by 
the recent eruption of Sakura-jima naturally formed or modified 
the courses of several ravines and streamlets in the island, pro- 
ducing in some places nicely cut sectional exposures which indicat- 
ed the local amount of pumice accumulation during, and of the 
more or less perfect black soil formed since, the volcanic outbreaks 
of the last 5 centuries or more. Three well-defined examples are 
illustrated in figs. 18, 19, and 20. 


Ash and fine pumice, Eruption of 1914. 


Dark fine pumice, 


Anei (423) Eruption, 


Pumice (fresh-looking). 1779 


Previous deposit. 


Black soil (non-plastic). 


Deposited by an earlier 


Sand and angular lava blocks. eruption. 


Fig. 18. Section showing the Accumulation of Pumice and 
Ash at Yunohama Beach. 
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Pumice. 


Black soil. 
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Fig. 19. Section showing the Accumulation of Pumice and Ash at 
Yunohama District 150-300 m above sea-level. 


According to fig. 18, at the Yunohama beach close to the 
W. boundary of the recent S.E. side lava flow, the thickness of 
the new precipitation of pumice and ash was 15cm, while the 
accumulation during the Anei eruption, in 1779, due to the emis- 
sion from the two craterlets at the southern flank of Minami-dake, 
above the village of Furusato, was about 2.3 metres. Of this 
latter amount, the upper portion, 37 cm in thickness, is composed 
of fine dark pumice mixed with earth, being the partial conversion 
to soil of the volcanic débris accomplished during the past 135 
years. Then there follows a layer of black incoherent carth, 1.3 
m in thickness, which probably represents an accumulation of 
voleanie sand and ash converted into soil during a very long 
period of rest, and which is different in composition from the 
underlying bed made up of sand mixed with angular rock pieces. 

At the height of 150 to 300m above sea-level and to the 


The Sakura-jima Eruptions and Earthquakes. © II. 79 


north of Yunohama, namely, on the §.E. flank of Minami-dake 14 
to 2 km from its top, the sectional formation is slightly different. 
As shown in fig. 19, there the recent ash accumulation was 6-10 
em in thickness, or a little less than at the Yunohama beach. 
The Anei accumulation of pumice amounted from 2.1 to 2.8m, of 
which the upper portion, 30cm in thickness, had been converted 
partially into earth. The underlying layer of black earth, whose 
lower portion is not exposed, is very thick, the exposed portion 
alone amounting to 4$—6 m. 

Finally, at Krokami, about 1 km from the E. coast, the preci- 
pitation during the recent outbursts consisted of 20 cm of surface 
covering of ash and 2.0m of pumice, while that due to the 
Anei (1779) eruption was 1.03 m of pumice, of which the upper 
13 cm has been partially converted into earth. (See fig. 20.) The 


Ashes. if; 


Erupti 
Pumice. 200 ruption of 1914. 


Black soil and pumice. | Vie 
Anei (#27) Eruption, 
Pumice. FO 1779. 
Black soil and pumice. ye 8 
; amice g ----5-- 
Black soil and pumice. oe o 
Bummei (3¢84) Erup- 
tion, 1468-1476. 
Pumice. / 30 


Fig. 20. Section showing the Accumulation of Pumice and Ash along 
the Stream Bank above Krokami. 


SO F, Omori :— 


accumulation of débris during the prolonged eruptions of the Bummei 
period (1468-1476) is made up of pumice layer (bottom not ex- 
posed) more than 1.3 m in thickness, superposed with two thin 
layers of black earth mixed with pumice respectively 18 cm (upper) 
and 3 cm (lower) in thickness, interposed with a white pumice 
layer of 9 cm. In the valley grounds at the N.W. foot of Nabe- 
yama, the new pumice accumulation in 1914 amounted to 4.0 m. 
The pumice layer due to the Anei (1779) eruption at the N. flank 
of the same hill was 1.1 m in thickness. 

Comparing together the three cases mentioned above, we see 
that the thick layer of black earth beneath the pumice accumula- 
tion of the Anei (1779) eruption, which is absent at Krokami, is 
1.3 m thick at the Yunohama beach, being increased to over 44 m 
at places 150-300 m higher up. ‘This particular layer might have 
been due to a thick precipitation of dusts thrown out many years 
ago from the Minami-dake crater, 

The amount of the pumice accumulation due to the catastrophe 
of 1779, under the prevailing N.W. winds, was- at the Krokami 
district only one-half of that in the neighbourhood of Yunohama ; 
this difference having been caused by the 8.E. proximity of the 
latter place to the Furusato craterlets, while the former was _pro- 
bably out of the most direct course of ash-transportation from the 
different craterlets of the N.E. or Komen district. On the other 
hand, the precipitation due to the Bummei eruption in the vicinity 
of Nojiri, in which the lava flow resulted in the formation of 
Moe-zaki, is not to be well recognized at Yunohama, while the 
effect of the eastern craterlets about Omoe-zaki is indicated at 
Krokami in two distinct stages, namely, a powerful outburst in 
1471 with a thick precipitation of pumice, followed some years 
after by a much weaker disturbance. 
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TABLE Ix. LIST OF THE ERUPTIONS OF SAKURA-JIMA. 
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The rate of decomposition into soil of the surface portion of 
pumice layer is very various, being 30 to 37 cm at the Yunohama 
district for the duration of 135 years after the eruption of 1779, 
but only 13 em at Krokami for the same time interval, and 18 cm 
during the long preceding interval of 303 years after the eruption 
in 1476. 

19. Note on distribution of newer lava flows. A. glance at the map 
of Sakura-jima shows that the extensive newer lava outflows, 
namely, those of the three great eruptions of 1468-1476, of 1779, 
and of 1914, all took place in the W. and in the S. to N.E. flanks 
of the volcano, there being also the promontories of Kwannon-zaki, 
Nagasaki-hana, and Wariishi-zaki, formed by the lava flows of older 
unknown dates. On the contrary, in the N.W. part of the island 
between Take and Shirahama, there is no craterlet and no lava 
outflow of comparatively new date, and from this fact it is 
thought possible by some people that the future outburst may 
occur from the same spot. Under the influence of this supposition, 
coupled to the earth-heat phenomena of Saido,* the inhabitants of 
the villages of Fujino, Saido, etc., were panic-stricken by the Kiri- 
shima earthquakes of July 14th, 1915, several of them having fled 
across the sea for safety. 

The Bummei eruptions, 1468-1476, took place approximately 
along an E.N.E. and a S.W. radius, and the eruption of Anei, 
1779, along a N.E. and a S&S. radius, while the recent eruption 
occurred along an E.S.E. and W.N.W. diameter through the 
Minami-dake crater. The line of disturbance, or craterlets axis, in 
the last case is, however, not a quite new one, but may be re- 
garded as very nearly identical with the much older line of 


* Phenomena of emanation of gas and of increase of earth-temperature, which will be con- 
sidered in detail in the next Number of this Volume. 
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Karasu-jima, Hikinohira, and Nabe-yama. In other words, the 
centre of eruptive activity has gone back, after a sort of shifting 
of radius of disturbance, in 1914 to an old site, but not to the 
N.W. compartment, which is thus likely not to become the scene 


of eruption even in future. 


CHAPTER III. METHOROLOGICAL CONDITIONS AT THE 
TIME OF THE ERUPTION OF 1914. 


20. Meteorological elements for 1913. During the 12 months preced- 
ing the eruption of Jan. 1914, the meteorological conditions at 
Kagoshima were abnormal in no special way. Thus, according to 
Tables X and XI the mean barometric pressure and air tempera- 
ture in 1913 were respectively 751.7 mm and 16°.4 C, while the 
corresponding quantities during the 5 years, 1906-1910, were 751.4 
mm and 16°.5 C. The amount of the precipitation in 1913 was, 
however, only 1604 mm and much smaller than the average value 
of 2337 mm for the 5 years interval above referred to. 

21. Weather in Kagoshima at the time of eruption. At the commence- 
ment of January 1914, the weather at Kagoshima was changeful, 
there being in particular an unusual amount of snow-fall on the 
morning of the 8th. On the day of the actual eruption and dur-- 
ing the three previous days, namely, from the 9th to the 12th, 
the barometer was steadily very high and ranged between 773.0 
and 769.2 mm, while the wind velocity was low and varied from 
2.3 to 3.5 m/sec. In fact, till 6 a.m. on the 13th, whole Japan 
was under an exceptionally high atmospheric pressure and the 
weather was calm and clear at most places, as was also charac- 
teristic of the great Sakura-jima eruption of 1779 and of the 
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tremendous outbursts of Asama-yama in 1783. Again, on the 
12th (Jan. 1914), the first powerful outbursts occurred at about 
10 a.m., when the barometric pressure was at a maximum Vi AGET 
mm). At 2 p.m., on the 13th, there appeared a centre of baro- 
metric depression of 754 mm in Yellow Sea, off the Shantung 
promontory, and another also of 754 mm at the mouth of the 
Yang-tsze, causing the pressure over Japan to fall to 770-764 mm. 
In consequence of this it rained in Chosen and it became cloudy 
over Japan; in the city of Kagoshima there being a precipitation 
of rain at midnight of the 12th. On the 14th, at 6 am., these 
depression centres moved across Japan Sea, and caused rain in North 
Kyushu, Shikoku, and the W. part of Main Island; the pressure 
falling to 754-761 mm over Japan, with westerly or southerly 
wind. Thunder storms occurred on the 14th as follows :—Between 
0 and 3 a.m., in Kyushu and western portion of Main Island; at 
7-8 a.m., in Shikoku, and southern part of Ki; at 2-3 p.m., in 
the provinces of Noto, Kai, and Musashi; and at 9-11 p-m:;° in 
Echigo and Uzen. 

It might be supposed that the powerful eruptions on the 12th 
and 13th (Jan. 1914) had caused some increase in the air tem- 
perature about Kagoshima. But, in reality, the heating effect, 
whose existence is very difficult to ascertain, seems to have been 
quite insignificant. Thus, according to Table XIV, on the 13th 
the air temperature which was below 11.°1 © in the morning was 
suddenly increased at and after 10 a.m. to over 15°.0 C. This is, 
however, not to be attributed to the voleanic agency, as a similar 
and more abrupt change in thermometer reading took place also 
at Nase, in the island of Oshima (Lyukyu), which is situated at 
a distance of 373 km to the S.W. of Sakura-jima, and where the 


air temperature was increased on the same morning from 11°.3 C 
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at 6 a.m. to 20°.3 C at 10 a.m. The cause of the sudden tem- 
perature change was in the predominance of the southerly winds 
at. the time in question, whose velocity was at Nase suddenly 
increased to 5.4 m/sec. (10 a.m.) and 12.1 m/s (2 p.m.). 

Fig. 21 gives the weather map for the morning of the day 
of the Sakura-jima eruption, while fig. 22 illustrates the variations 
in the course of the daily meteorological elements at Kagoshima 
during the month of January, 1914. 

22. Weather in Japan, Jan. 10th—20th, 1914. The following is a brief 
tri-daily description of the barometric distribution over Japan dur- 
ing the 10 days about the time of the eruption of Sakura-jima. 
Amongst the others the general condition of weather at 6 a.m. on 
the 17th was almost identical with that for the 12th (Jan. 1914), 
the day of the outburst. 


10th, 6 am. Three centres of low barometric pressure of 766, 762, and 
764 mm, existed over Yellow Sea, off the coast of Genzan (Chosen), and in 
the N. part of Japan Sea respectively. High pressure of 770-774 mm 
covered the central and S. portions of Japan. 

10th, 2 pm. ‘Low centres of 762, 762, and 760 mm were in the N.E. 
part of Chosen, in Central Japan, and in the N. part of Japan Sea. The 
pressure was high (770 mm) along and off the S. coast of Honshu. 

10th, 10 p.m. Low centre of 754 mm was in the 8S. part of Karafuto, 
thence increasing to 768 mm over the S. part of Japan. High pressure 
area of 770 mm was off the S. coast of Honshu and in FE. China. 

11th, 6 am. The pressure varied from 768 mm over Chosen and Kyu- 
shu to 752 mm at the S.E. part of Karafuto. Winds were slight and ir- 
regular in the W. half of Japan, but generally W.ly or S.W.ly im’ the N. 
half. | 

11th, 2 p.m. The pressure increased from 754 mm in Soya Strait to 
768 mm in Kyushu and the W. part of Honshu, with a high centre of 770 
mm. in the N.E. part of China. Strong W.ly winds prevailed. 


imdb SQV Ut 
Fig. 21. Weather Map for Jan. 12th, 1914, 6 a.m. 
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Fig. 22. Variation in the Mean Daily Barometric Pressure, Air 
Temperature, and Wind Velocity, during January, 1914. 


P....Barometric Pressure. T....Air Temperature. W....Wind Velocity. 
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1lth, 10 pm. The pressure was high (770 mm) from China and 
Chosen to the neighbourhood of Shimonoseki, thence decreasing to 754 mm 
off the N.E. coast of Hokkaido. In the latter, strong W. winds prevailed, 
while in the rest of Japan the winds were northerly. 

12th, 6 a.m. The pressure was high (770 mm) over Inland Sea, the N. 
part of Shikoku, and the western and central parts of Main Island. Low 
pressure of 764 mm was over S. Manchuria. 

12th, 2 pm. Entire Japan and the S. half-.of Chosen were enclosed 
within the isobar of 768 mm, with the centre of high pressure (770 mm) 
over Uzen, Ugo, and the Hokuriku provinces. Low pressure centre of 758 
mm was over Manchuria. 

12th, 10 pm. Shikoku and nearly whole of Kyushu and Main Island 
were enclosed within the isobar of 770 mm, with the centre of maximum 
pressure of 772 mm over Echigo and Uzen. The centre of low pressure of 
760 mm was in Manchuria. 

13th, 6 am. Nearly the whole Shikoku and Main Island were enclosed 
in the isobar of 770 mm, the centre of max. pressure (772 mm) being over 
the central part of the latter. Low pressure centre (758 mm) was in Man- 
churia. 

13th, 2 pm. High pressure centre (768 mm) passed to the S.E. corner 
of Honshu and the adjacent sea region. ILow centres of 751, 756, and 756, 
were respectively at the mouth of the Yang-tzse, at the Shantung promontory, 
and in the N. part of Japan Sea. 

13th, 10 pm. As before, the high pressure centre (764 mm) was at 
the S.E. corner of Honshu and to its E. Low centres of 750 and 748 mm 
were at the middle parts of Chosen. 

14th, 6 a.m. Isobars were parallel to the Japanese islands, the pressure 
being 754 to 760 mm over Kyushu to Hokkaido. Two low centres of 744 and 
746 mm were respectively to the E. of Genzan and off Vladivostoc, in Japan 
Sea. Winds were generally strong and westerly in Kyushu and Shikoku. 

14th, 2 p.m. Two low centres, each of 740 mm, moved a little north- 
wards in Japan Sea, the pressure being 760 to 744 mm over Japan, at 


whose S. and central parts strong W. winds prevailed. 
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14th, 10 p.m. Two low centres each of 736 mm passed to the N. part 
of Hokkaido. 'The pressure varied from 765 mm in Kyushu to 744 mm at 
Aomori. Strong W. winds prevailed over whole Japan. 

15th, 6 a.m. A low centre of 736 mm existed to the N. of Hokkaido 
in Okhotsuk Sea, the pressure thence increasing up to 766 mm in Kyushu. 
Strong W. winds prevailed over whole Japan. 

15th, 2 p.m. A low centre of 738 mm was at the N.E. of Hokkaido, 
the pressure thence increasing to 766 mm at the S.W. part of Kyushu. 
_ Strong W. winds prevailed over whole Japan. 

15th, 10 pm. A low centre of 750 mm was off the N.E. coast of 
Hokkaido, the pressure thence increasing to 767 mm at the S.W. part of 
Kyushu. Strong W. winds prevailed over whole Japan. 

16th, 6 a.m. Pressure increased from 754 mm off the N.E. coast of 
Hokkaido to 768 mm in the W. part of Kyushu. W. winds prevailed over 
whole Japan. 

16th, 2 pm. There was a low pressure centre of 752 mm off the E. 
coast of Mutsu, while the high pressure of 772 mm extended over Yellow 
Sea and the E. coast of China. Strong W. winds prevailed all over Japan. 

16th, 10 p.m. ‘The pressure was high (772 mm) over China and Yellow 
Seas, thence decreasing to 756 mm off the N.W. coast of Hokkaido. W. 
winds prevailed over Japan. 

17th, 6 am. The pressure was high (772 mm) over Kyushu, Shikoku, 
and in the W. and central parts of Honshu, thence decreasing to 760 mm 
off the N.W. coast of Hokkaido. Strong W. winds prevailed outside the 
high pressure area. 

17th, 2 p.m. The pressure was high (772 mm) over the N.W. coast of 
Honshu and the adjacent sea area, and 770 to 764 mm over the greater 
portion of Japan. 

17th, 10 pm. The pressure was high (772-774 mm) over the central 
part of Honshu, and low (762 mm) to the N. of Hokkaido. A second high 
pressure area of 772 mm was in N.E. China. Winds were irregular and 
weak over Kyushu and the N. part of Honshu. 

18th, 6 am. The pressure was high (770mm) over the central part of 
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Honshu and slightly lower (766 mm) in the W. part of Japan, where it was 
rainy and slightly windy. A low pressure centre of 760 mm existed in the 
S. part of Karafuto. 

18th, 2 p.m. There were two low pressure centres of 762 and 758 mm 
respectively off the S. coast of Kii and over the S. part of Karafuto. The 
pressure over Japan was from 766 mm in Kyushu to 762 mm in Hokkaido. 
Strong W. winds prevailed over whole Japan. 

18th, 10 pm. There were two low centres of 760 and 756 mm respec- 
tively off the E. coast of Awa-Kazusa peninsula and to the N. of Hokkaido, . 
increasing up to 768 mm in W. Kyushu. Winds were generally westerly. 

19th, 6 a.m. The pressure was high (766-767 mm) over the S.W. half 
of Japan, thence decreasing to 756 mm off the N.E. coast of Hokkaido. 
Wind was generally strong and westerly over the N. half of J apan, but it 
was calm or slightly windy over the other half. 

19th, 2 pm. The pressure was low (756 mm) to the N.E. of Hokkaido, 
thence increasing to 765 mm over the W. half of J apan. Wind was westerly 
nearly all over the country. 

19th, 10. p.m. The pressure was high (774 mm) in the N.E. part of 
China, thence decreasing to 766 mm in the W. part of Kyushu and to 760 
mm off the N.E. coast of Hokkaido. Over E. Kyushu, Shikoku, and Honshu, 
it was generally calm except at the S.E. part of the last-named island, 
where westerly winds prevailed. 

20th, 6 a.m. The pressure was high (774 mm) over the N.E. part of 
China and Manchuria, thence decreasing to 762 mm off the Pacific coast of 
Japan. Over Japan, it was calm or there were slight westerly winds. 

20th, 2 p.m. The pressure was high (776 mm) over N.E. China, thence 
decreasing to 760 mm off the 8., S.E., and N.W. coasts of Honshu. Winds 
were generally westerly. 

20th, 10 p.m. The pressure varied from 776 mm over N.E. China to 
760 mm off the Awa-Kazusa peninsula. Over Japan, the pressure was 767 
mm in W. Kyushu and 760 mm in the vicinity of Tokyo. N.W. and W. 


winds prevailed. 
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TABLH X. AVERAGE VALUES OF THE MONTHLY METEOROLOGICAL 
ELEMENTS AT KAGOSHIMA, 1906—1910. 


EE 


7 * 
Month. ae mend Air Temperature, Precipitation. ee 
I 755.7 mm B40 120.7 mm 5 
I 754.2 6.4 101.4 2 
Ti (POSS) 10.3 150.8 Dy 
IV (ban h re 15:33 235.0 2 
VY 749.5 18.5 183.2 3 
VI 747.1 21.9 454.7 2 
VIL 746.4 25.4 367.6 5 
Vit 746.0 26.1 158.7 5 
IX 748.8 24.1 257.6 2 
xX: 752.4 19.2 147.9 2 
XI 755.0 13.7 95.4 4 
XII 756.4 8.6 61.2 3 
Mean (or Sum). 7514 6S 2336.7 (Sum) 41 (Sum) 
UF I aa a a a 
* Reduction to mean sea level....+11.06 mm. 


TABLE XI. MBEAN MONTHLY METEOROLOGICAL ELEMENTS AT 
KAGOSHIMA, JAN. 1913 TO MARCH 1914. 


se 


Barometric 


Year. Month. Pressure.* Air Temperature.) Precipitation. paneer 
(Reduced to 0°C.) Earthquakes. 
I 757.14 mm 6.84 ©. 67.8 mm 2 
iat 755.36 alg 57.4 1 
Ut 753.69 9.28 66.4 2 
IV Tol13 17.13 144.5 6 
V 748.93 y > £8.50 168.6 2, 
4913 VI - ~ 746.30 21.39 476.2 19 
VII TA7.11 25.08 129.3. 14 
VIII 745.57 26.59 53.2 6 
IX 749.84 23.08 224.8 6 
x 751.51 19.09 37.7 7 
XI 756.56 14.09 67.8 15 
XI 756.76 8.45 110.0 11 
Mean (or Sum) 751.66 16.39 1603.7 (Sum) 91 (Sum) 
I 756.83 7.63 70.3 522 
1914 Ir 754.74 8.85 145.3 24 
Ul 752.99 12.95 278.5 17 


ee 


* Reduction to mean sea-level....-++-11.06 mm. 
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TABLE XII DAILY METEOROLOGICAL ELEMENTS IN 
JANUARY 1914, AT KAGOSHIMA. 


Air - | Relative : er Number 
Daye (oem a dato Homi: ae ores yas ee 
sone ressure. dity. elocity.| tation. ion. mH ee 
m m/sec mm mm 
1 7.64C 769.96 19.3 3.20 2.1 1.6 4,47 
2 9.49 765.20 72.5 9.80 9 3.0 2.41 
o 2.81 768.00 83.4 6.87 5.6 1.0 1.19 
4 5.52 769.19 68.3 2.75 — 1.5 7.89 
5 9.70 764.85 88.2 1.96 5.8 0.8 1.25 
6 12.12 762.80 64.8 2.54 oe — 4.30 
€ 4.37 761.15 tow 13.00 To 0.7 L6¥ 
8 0.81 768.60 70.8 0.05 5.8 2.4 8.75 
9 5.59 173.03 63.3 3.05 — 1.6 4.23 
10 | 10.60 770.30 81.2 2.56 6.4 1.4 0.65 
11 | 11.49 768.29 68.1 3.50 eee 2.6 Cie 
Lae BELO 769.17 72.5 2.32 = oud €.15 
13° {18.94 765.69 16.4 3.21 0.3 3 ye 2.15 
14 | 12.57 760.92 65.7 11.92 16.4 4.6 5.17 
15 8.25 766.42 62.3 6.00 0.1 2.6 oa 
16 6.94 769.07 67.3 5.89 0.7 2.9 4.03 
AG 7.40 770.84 62.8 3.64 — 2.8 0.00 
18 9.38 766.87 70.8 5.80 9.2 3.8 8.07 
19 8.72 766.32 61.4 4.16 — 2.6 2.65 
20 8.49 765.22 66.4. 6.49 0.0 3.6 5.58 
21 5.66 167.72 58.8 5.40 <3 3.8 6.90 
22 6.55 770.02 58.0 6.68 — 3.6 0.20 
23 8.41 - 169.52 61.4 3.85 oe 2.6 6.25 
24 9:15 767.59 66.3 Dad 0.0 2.3 1.91 
25 6.28 766.40 66.2 6.86 2.6 Dal. 8.29 
26 4.72 767.01 64.7 5.24 = Dok 1.25 
27 5.45 165.77 61.4 6.40 0.0 ae 7.09 
28 6.34 764.63 60.1 4.97 0.0 3.2 7.18 
29 feats 763.70 | 61.6 4.95 — 3.5 8.82 
30 6.55 765.59 62.0 6.44 — 4.1 9.01 
31 4.70 767.58 59.9 5.61 = 3.0 6.18 


Re ee er he aA MS aR ac i St a a Oe el Oe EE ee 
* Reduced to mean sea-level and the standard gravity. 
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TABLE XIII. HOURLY METEOROLOGICAL ELEMENTS 
AT KAGOSHIMA, JAN. 10TH TO 15TH, 1914: 
WIND DIRECTION AND VELOCITY (m/sec.). 


rh 12 13 14 15 
1 am|° NNE 25 NNW 3.0 NE. | 19 SW 0.8 SW 62 NNW 8.5 
2 NE 13 | NNW 21 | NNE 22 NE 0.6 SSE 7.3 | NNW 7.6 
3 iE op eee Naps 2 NE 21°} NNW 08 SW 83 | NNW 63 
4 ENE 2.4 N 42 | SSW 09 N 23 | WNW 82 | NNW 65 
5 NE 16 N 46 En S27 Sw 0.7 | WNW 145 | NNW 59 
6 age OY} N47 | GENE Sw 10 | WNW 20.0 Ww 49 
7 1 Beet N 44 ]°UINE 73.1 SE 12 | WNW 161 | NNW 2.0 
8 E 24 | NNW 34 Bee SSE 18 W 104 N. 34 
9 RSwoes.1 N 1.6. | ENE 338 NW 11 | NNW 70 | NNW. 48 
10 Wa vod SE 29 ES Sa SSW 0.9 Ww 68 NW 46 
11 SSE 0.9 SW 14 SE 28 E 13 | WNW 122 NW 55 
12 SSE 21 | NNW 20 SE 26 E 31 | WNW 134 Warez 
ip made WS ho NW 4.1 ESE 2.8 ESE 46 | NNW 139 | WNW 64 
2 S 19 | WNW 38 ESE 39 SSE 2.8 W 148 | WNW 7.7 
3 S 31 | WNW 42 E433 ESE 2.0 | WNW 156 | WNW 83 
4 WSW 2.7 | WNW 39 Be 220 ESE 21 | WNW 147 | WNW 7.6 
5 Sw 32 | WNW 39 Tee Os SE 19 | WNW 161 NW 59 
6 SW 3.6 NW 44 ] ENE 05 Siw W 151, |. NNW 41 
7 WNW 5.8 | NNW 5.1 SE 25 S 58 | NNW 139 | NNW 34 
8 SW 3.1 N 66 NW 18 Si 77-7" NW 118 4 WNW 40 
pe: SW 1.0 NE © 25 Sw 05 | SSW 86 | NW 103 NW 46 
10 NW 19 | ENE 19 sw i3 | ssw 79 | Nw 109 | NNW 53 
11 NNW 3.6 oS W 20 | SSW 86 |NNW 95 | NNW 43 


12 NNW _ 3.6 ENE 3.1 N 1.8 SWE S22 NIN W au ok NNW 5.8 


eS ES 
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TABLE XIV. HOURLY METEOROLOGICAL ELEMENTS AT 
KAGOSHIMA, JAN. 10TH TO 14TH, 1914: 


AIR TEMPERATURE AND BAROMETRIC PRESSURE. 


93 


Date. 


Sr Comte Or Cor 


ep 
Db eH oO 


= 
3 
B 


me Ww pb 


£5» GO), AT (Os) Or 


10 


590 


Air Temperature. 


11 


11.6 C 
11.2 
11.0 
11.0 
10.9 
10.6 
10.0 
10.0 
9.3 
12.6 
14.0 
13.7 


14.4 
15.4 
15.0 
14.7 
13.3 
11.2 
10.0 


12 


8.10 


Barometric Pressure. 


(Reduced to Mean Sea-level and Standard 


Gravity.) 700mm+ 
= 
Nib} 14 10 tL ee 13 14. 

17vc| 141c| 725°| 685 | 690 | 692 | 601, 
106 | 156 | 724 | 682 | 692 | 692 | 593 
106 | 17 | yaa..| e78 | 692. |. 694.) 58 
10.3 | 153 | 719 | 678 | 689 | 688 | 577 
108 | 149 | 718 | 67s | 686 | 684 | 574 
108 | 15.0 | 718 | 679 | 692 | 685 | 581 
10.4 | 136 | 720 | 630 | 695 | 687 | 588 
111 | 131 | 720 | 633 | -699 | 686 | 59.8 
11.0 | 133 | 720 | 69.0 | 700 | 688 | 606 
153 | 144 | 721 | 691 | vor | 686 |. 605 
4 | 44 | 723 | 638 | 697 | 677 | 602 
157 | 145 | vo4 | 683 | 691 | 663 | 600 
14 | 142 | 696 | 679 | 683 | 633 | 596 
163 | 143 | 691 | evs | 681 | 651 | 59.7 
15.7 | 137 | 637 | 673 | 682 | 647 | 603 
160 | 120 | 684-| e674 | 684 | 644 | 614 
1.6 | 11.7 | 687 | 67s | 688 | 638 | 618 
tae) 108° | 686 | esa |691 | 635 -| 626 
161 80 | 688 | 636 | 695.| 631 | 635 
16.1 8s | 69.0 | 637 | 690 | 624 | 639 
163 sv | 638 | 689 | 696 | 613 | 642 
16.2 86 | 686 | 691 | 694 | 603 | 646 
16.7 81 | 684 | 689 | 69.7 | 603 | 65.0 
16.1 79 |- 683 | 691 | 698 | 604 | 65.2 
3.9 | 126 | 7030] 6829| 6917! 6569! 60.92 
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CHAPTER IV. PROPAGATION OF SOUND WAVES WHICH 
ACCOMPANIED THE SAKURA-JIMA OUTBURSTS OF 1914. 


23. Report of Kagoshima meteorological observatory on the course of 
eranan The following is a summary of the report of the Kago- 
shima meteorological observatory on the earlier course of the erup- 
tion at the Yokoyama, or west, side of Sakura-jima :— 

On the 12th (Jan., 1914), at 8 a.m., white smokes like cloud 
or mist were seen ascending at the W. side of Kita-dake, while 
at 9.10 a.m. similar white smokes were thrown up from the top 
of Minami-dake. The first eruption consisted in the projection at 
10.05 a.m. of a mass of black smokes from the valley above the 
village of Akamizu, at an elevation of 350 to 400m above sea- 
level; at 10. 10 a.m., fires were observed shooting out from the 
base of the smoke column, and sounds began to be heard. At 
11 a.m., the black smokes ascended vertically to a height of about 
3000 m, and at 10.30 a.m. the thick projection and falling down 
of lava fragments became visible, while the doors and shojis began 
to be rattled by the air shakings. At 2. 30 pm., black and 
white smokes enveloped the entire island, and the eruptive sounds 
increased in violence, till the detonations began to be heard at 
3. 30 p.m. At the severe earthquake shock of 6. 30 p.m., the 
burning of the mountain was further enlarged and the detonations 
became still more powerful. At 10 p.m., the explosive sounds 
were further reinforced, reaching their climax about 1 a.m., on the 
13th. 

On the 13th, the sounds, which gradually decreased from 6 
a.m., still occurred incessantly during the day time. At 5 p.m., the 
wind was southerly, the right-hand side of the island becoming 
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visible. At 8. 14 p.m., the volcanic fire-outbursts were exhibited 
in a grand scale and lava streams began to flow down, while red- 
hot rock fragments covered the mountain slope, from top to base, 
setting on fire the villages to the north of Hakamagoshi. The 
detonations occurred in continuous succession, and from the black 
smokes, which were thrown eastwards, lightnings flashed out in 
various directions. At 8. 30 p.m., the detonations ceased and the 
volcanic sounds became intermittent in occurrence; the shakings 
of the doors and shojis also ceasing. 

On the 14th, after 1 a.m., the smokes were still abundant, but the 
sounds occurred at longer intervals. At 7 a.m., the lava streams, 
from which some strong explosions took place, approached to about 
5 cho (54 km approximately) above Hakamagoshi. The floating 
lava fragments, which converted the entire sea surface about the 
Oko-jima into a field of pumice of dark colour, drifted before noon 
toward the south. At 5 p.m., the fumarole phenomena from the 
lavas decreased to a certain degree. During the night, the activity 
was principally exhibited from the craterlets situated to the east 
of the village of Yokoyama at an elevation of 200 m above sea- 
level. 

The precipitation of ash took place from 11.10 a.m., 12th, 
to 8 p.m., 13th, the amount of accumulation being 108 momme 
per tsubo, or 123 grams per sq. m.* 

24. Barogram at Kagoshima. In fig. 24 is reproduced the baro- 
gram for Jan. 10th to 16th, 1914, obtained at the Kagoshima 
meteorological observatory ; its diagrammatic representation being 
given in fig. 23. The barometric disturbance due to the eruption 
was very slight from the commencement at 10 a.m. till about 1 
p.m., on the 12th, when an increase took place, remaining then in 


* 1 momme=3.76 gram; 1 tsubo=3.30 sq. m. 
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Fig. 23. Diagrammatic Representation of the Barogram obtained at Kagoshima during the 
Eruption (Jan. 12th and 13th, 1914). 


The greater height or thickness in the diagram is intended to indicate an increased barometric disturbance 


HE: tec JIL 


Correspondence to Sound Propagation and Ash-precipitation : 
Sound. Ash. 


I: Reached to the “strong-sound zone”....Caused “mists” at distant places. 


Ir: Became louder. 
Heard in much distant places. 


III: Loud detonations ceased. .............. Became thicker in precipitation. 


5 re Mee Precipitated as ash at distant places. 


nearly the same condition for 94 hours, till a little before 10 in 
the night of that day. Then, after nearly an hour of repose the 
atmospheric quakings became from 102 p.m. doubly violent for 
nearly 12 hours, till 10$ a.m., on the 13th; the maximum activity 
being reached at 0 to 14 a.m. of the latter day. Thereafter the 
disturbances became much reduced and smaller than in the after- 
noon of the preceding day, except that noted maximum groups 
occurred at 1 to 22 p.m., 13th; about 8 to 9 a.m., and 2° to 4 
p.m., 14th; and 8$ to 5 p.m., 15th. There were also single con- 
Spicuous disturbances at 64 p.m,, 13th; 94 p.m., 14th; 04 a.m., 
15th; 74 and 84 a.m., 14, 64, and 82 p.m., 15th; and at. 9 a.m. 
and 04 p.m., 16th. It may be noted that the trace of the severe 
earthquake at 64 p.m. on *the 12th, was followed for about an 
hour by increased barometric vibrations, so that it is likely that 
the seismic shock caused, or was followed by, a temporary in- 
crease in the explosive activity. | 

The account of Kagoshima meteorological observatory on the 
course of the eruption (§ 23) is on the whole in accord with the 


a a ee ae aS a as hae J SS) 1 FE =n aoa 1 TIS TS SST EY (Ey Ha . pe 5 a a aes 
; ee —— Ti 


‘VIEL UIOT-UNT ‘Uer ‘AsopearosqC 
TeorBojosoejey BLulysobey oy} ye pouteiqo ureiboreq ‘Fg ‘By 


excl scl. 
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indications of the barogram, which gives a faithful record of the 
progress of the explosive activity both of the detonative and non- 
detonative character.* From what has been said in § 23, I believe 
the highly explosive stage of the eruption to have ended at about 
6 a.m. on the 13th, and been succeeded for about 44 hours, till 104 
a.m. on the same morning, by non-detonative explosions, namely, 
those which threw out a great quantity of smoke and ash, without 
being accompanied by very loud sounds. 

The maximum amount (double amplitude) of the barometric 
disturbance at Kagoshima was about 24 mm, the distance of the 
place of observation from the principal origin of explosion, supposed 
to be one situated near Hikinohira on the W., or Yokoyama, side 
of Sakura-jima, being about 8.6 km. © 

25. Soundarea. In fig. 25 are indicated: the places affected by 
the sound waves due to the outbursts of Sakura-jima on Jan. 12th 
and 13th, 1914. The area, in which the air commotions had no 
audible effects, but were strong enough to shake houses or doors 
and shojis, extended N.E.wards to the provinces of Bizen, Mima- 
saka, and Bitchu, in the vicinity of the city of Okayama, and also 
to the Kii peninsula and the S. part of Yamato, the greatest 
radial extension being about 585 km. The detonative sound was 
heard in Kyushu (except some of its W. portions), at the S.W. 
end of Honshu, the W. part of Shikoku, and in a small area 
extending over the Kii channel; the extreme radial distance being 
about 500 km. The sound area was of course included in the air- 
shakings area, their boundaries on the W., N.W., and S.W. sides 
being close to each other. 

A note-worthy fact is that the sound was not heard within a 
small E.-W. area in central Kyushu, which stretches from the 


* See the Bulletin, Vol. VU, p. 191. 
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central part of the province of Higo to the N.W. part of Hyuga, 
forming the ‘silence zone.” (See also § 26.) 

26. Area in which volcanic sounds were heard earliest. In fig. 28 are 
indicated the places where the detonative sounds of the Sakura- 
jima eruption were heard between a little past 10 and 11 in the 
morning, or in the afternoon hours, of the 12th (Jan., 1914). It will 
be observed that the sounds were heard earliest in the S8.E. portion 
of Kyushu, comprising the E. half of Satsuma, the entire province 
of Osumi, and the S. half of Hyuga, and in a zone which stretches 
from the head of Ariake Sea in Kyushu to the S.W. part of 
Shikoku, comprising the N.E. portion of Hizen, the two entire 
provinces of Chikugo and Bungo, the E. half of Buzen, the N. 
part of Higo, and a portion of Iyo. It is quite remarkable that 
at many places in the N. half of Hyuga, the sounds were not 
heard at all, while in the central and S. portion of Higo the 
sounds were heard only at late hours at a few places; these 
regions forming the “ silence zone” lying between the two above- 
mentioned districts where the sounds were perceived earliest and 
loudest. . 

7. Relation between times of arrival of sound and of commencement of 
ash-precipitation. In § 24, I expressed the view that the most active 
stage of the detonative explosions ended at 6 a.m. on the 13th 
(Jan. 1914), followed for about 44 hours by the stage of powerful 
non-detonative explosions, when great amount of ash must have 
been freely emitted from the volcano. This supposition fits well 
with the course of the ash-precipitation, which became thicker 
about 11 hours after the commencement. As assumed in § 32, 
the ashes first precipitated at the different distant places seem to 
have been thrown out from Sakura-jima at about 6 p.m. on the 
12th, when the powerful detonative explosions began. We may 


: 


ing the Propagation of the Air Vibrations 


».++» Detonative sounds heard. 
.+-+ Air vibrations inaudible, but perceived 
through the shaking effects. 
(()....Air vibrations not felt. 


exe 
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now further assume that the ashes more copiously precipitated 
later on to be those due to the non-detonative stage of the erup- 
tion, whose commencement was at about 114 or 12 hours after 
that of the violently detonative stage. (See fig. 23.) 

28. Relation between sound and ash-precipitation areas. The  ash- 
precipitation area and the direct propagation branch of the sound 
area Of a strong volcanic outburst tend to extend in a similar 
easterly direction, on account of the prevalence of westerly winds 
in the higher atmospheric region. In the numerous recent ex- 
plosions of Asama, the ash-precipitation area was always a narrow 
zone, which formed in larger eruptions approximately the middle 
axis of the sound area. Such was also the case with the tre- 
mendous outburst of Bandai-san in 1888, and seems to be the 
necessary consequence of a mere powerful explosion, shattering a 
portion of a mountain or bursting the hardened surface of lava 
mass at the bottom of a crater, accompanied by the production of 
a comparatively small amount of volcanic dust. On the other 
hand, the several eruptions of Asama, which were non-detonative, 
often caused a notable precipitation of ash.* 

In the Sakura-jima eruption of 1914, the individual explosions 
were not so violent as the stronger among the recent Asama-yama 
outbursts, while an enormous quantity of smokes and pumiccous 
matters were ejected simultaneously from at least half a dozen 
eraterlets 100 to 150 m in diameter. Hence, as can easily be 
imagined the ash-precipitation area was much more extensive than 
the sound area; the greatest radius of the latter being 585 km, 
and that of the former not less than 1290 km. 

29. Duration of volcanic sounds and air shakings at distant places, on Jan. 
12th and 13th, 1914. In Table XVII is summarized the reports of dif- 


* See the Bulletin, Vol. VI, Part 1, and Vol. VII, Part 1. 
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ferent meteorological stations and other observing places at dis- 
tances from Sakura-jima relating to the time of commencement 
and the duration of the sound and shaking effects. As will be 
seen from the graphical illustrations in fig. 30, the sounds became 
inaudible or were much weakened at the majority of places at 6 
a.m. or thereabout, on the 13th (Jan.), this being the time when 
the loud detonations ceased to be heard in Kagoshima. With re- 
gards to the time of commencement of the sounds, there is also 
some correspondence among the different localities. Thus, in the 
distant provinces of Kii, Iyo, Tosa, and Sanuki, in Shikoku, and 
in the neighbourhood of Shimonoseki Strait (province of Suwo and 
part of Chikzen), the sounds, which were not strong, began to be 
heard first at about 6 p.m. on the 12th; this being the time 
when the detonations became louder in Kagoshima, and also at 
different places in the southern part of the province of Hyuga, 
lying at no great distance from Sakura-jima, and in the eastern 
part of Hizen. Again, at some places in the distant provinces of 
Suwo, lyo, and Kochi, the sounds were feeble and began at 2 to 
4 p.m. (12th); this corresponding roughly to the time (about 2 
p-m.) when the sounds became louder in Kagoshima, at the N.E. 
base of Mount Kirishima, and in the province of Bungo. 

On the whole the sounds increased in intensity at about 2 
p.m. in the eastern part of the strong-sound zone lying immedi- 
ately to the N. of the silence zone (fig. 26), and then at about 6 
p.m. in the 8. part of Hyuga and at the W. part of the first 
named zone; these have corresponding phases in the Kagoshima 
barograph observation and mark the times when the explosive 
intensity of Sakura-jima was increased. The highly explosive 
stage of the eruption lasted for about 16 hours between 2 p.m., 
on the 12th, and 6 a.m., on the 13th. 
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30. Sounds of after-explosions. The following list gives a short 
account of the observation at different places of the sounds of the 
after-explosions, or small outbursts which occurred during several 
days following the great explosive stage of Sakura-jima eruption 
on the 12th and early morning of the 13th, Jan., 1914. 


SOUNDS OF THE AFTER-EXPLOSIONS: TIME OF OCCURRENCE 
AT DIFFERENT PLACES. 


MIYAZAKI PREFECTURE (Province of Hyuga) : 

Miyazaki meteorological observatory. 13th: 1.85-1.50 am.; 3.40-4.41 
a.m. ; 7.40-7.50 a.m.; 8.50 p.m., 3 times; 11.35 pm. 14th: 6-7a.m. 15th: 
8.50-9.05 a.m.; 3.10 p.m.; 9.05 p.m., once; 9.40-11.30 p.m. 16th: 2.40 
a.m., once, thence continued till 10.20 a.m.; 4 p.m.; 8.45 p.m., strong, once. 
17th: 0.10 p.m. More or less till 20th. 21st: 8.18 a.m.; 2.30-6.00 p.m. 

pi Kobayashi (Nishi-Morokata County). 13th: throughout the day. 
14th; throughout the day, there being a very loud detonation at 10.07 p.m. 
Occasional strong or feeble sounds till April. 

mA Kakto. 18th: 1.32-3.16 p.m., very loud; 5.02 p.m. 14th: 4.55 
pm. 16th till 17th, occasionally. 


KAGOSHIMA PREFECTURE: 
HZ Kuchino-shima. Till the 19th, several times daily. 


FUKUOKA PREFECTURE (Provinces of Chikzéa and Chikugo) : 

Fukuoka met. observatory. 14th: 9.50.33 p.m., twice. 16th: 9.41.10 
p-m., twice; 9.43.55 p.m., twice. 20th: 6.47.30 a.m., twice, with 2 sec. time 
interval. 

PII] Yanagawa. 11.47 am., 12th, till 4a.m.,13th. 15th: 11 a.m. ; 2.10 
p.m.; 4;10.p.m.; 6.10 p.m:; 8.30 p.m. 19th: 1.53 p.m.; 11.50 p.m. 20th: 
fae e010 pins, 6.30, p.m. (210° p.m. 3 %.15.p.m, | 24th: 3.35. pam. 
29th: 5.30 p.m.; 7.10 p.m. 

2, Fukushima. 14th: 10 p-m., twice. 

AK Kurume. 16th: several times. 

HAS Amaki. 13th, 14th, 15th: several times each day. 29th: 5.40 


p-m., twice. 
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OITA PREFECTURE (Province of Bungo) : 

Oita met. observatory. Till the 18th, occasionally. 

HHI Hida. Till the 15th, occasionally. 
SAGA PREVECTURE (Province of Hizen) : 

Saga met. observatory. ‘Till the 21st, 2 or 3 times daily. 

fas FB Imari. 20th: 5.30 p.m., twice. 

=H Miyaki. 14th: 0.30-1.00 p.m. 20th: 8.30 p.m. 

mule Konzaki. 13th: throughout the day. 14th: 10 p.m., loud deto- 
nation. 15th: 10 a.m., loud sounds, continuing till afternoon. 16th: 2 a.m. 
20th: 1 a.m., twice. 

BRaE Takeo. 14th: afternoon. 


According to the above list, the eruptive sounds were heard 
mostly for about 10 days or much more at the following places :— 
(A), Kobayashi, Kakto, Kuchino-shima, and Miyazaki; and (B), 
Yanagawa, Fukuoka, Kurume, Amaki, Saga, Kanzaki, Miyaki, Oita, 
and Hida. The (A) group places, belonging to the Kagoshima.and 
Miyazaki prefectures, are at radial distances not exceeding 83 km ; 
while the (B) group places, belonging to the Saga, Fukuoka, and 
Oita prefectures are at radial distances varying from 177 to 223 
km and are arranged along a zone parallel E—W. nearly and 
across the northern part of Kyushu. The space between these 
groups of places, where volcanic sounds were not heard (at least, 
not reported) after the 12th and 13th (Jan. 1914), forms the usual 
silence zone. (See fig. 27.) It will be seen that the map is very 
similar to that (fig. 26) showing the distribution of the places where 
the detonation was heard very loudly on Jan. 12th, 1914. 

Some of the sounds due to the explosions between the 13th 
and 16th, Jan. 1914, were very loud at Kanzaki (Hizen), and at 
Miyazaki, Kakto, and Kobayashi (Hyuga). Amongst the others, 
the detonation at about 10 p.m., on the 14th, was heard at 
Fukuoka, Fukushima, Kanzaki, and Kobayashi. 
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At Fukuoka and Amaki in Chikzen, and Imari and Kanzaki 
in Hizen, the voleanic detonation was generally composed of two 
sounds with a time interval probably of some 2 sec. This seems 
to be a phenomenon similar to what took place in the propaga- 
tion of strong sound waves from the crater of Asama-yama.* 

31. Propagation of strong detonative sounds. The air disturbances 
caused by the outbursts of Sakura-jima were perceived as loud 
sounds in the E. portion of Satsuma, nearly the whole of Osumi, 
the 8. half and the N.E. corner of Hyuga, the whole of Chikugo, 
nearly the whole of Bungo, the N. portion of Higo, the E. portion 
of Buzen, and the N.E. portion of Hizen, and at a number of 
places in the three Shikoku provinces of Tosa, Awa, and Iyo. 
As will be seen from Table XVII, the sounds were there in great 
many cases like gun boomings or thunder peals, accompanied by 
strong shakings of houses, doors, and shojis. With the exception 
of the Shikoku provinces, the first arrival of the perceptible air 
vibrations in these districts was generally in the fore-noon of the 
12th (Jan. 1914). 

As will be seen from the map (fig. 26), the sound waves of 
the eruption was perceived with great intensity in the following 
two districts :—(A), a semi-circular area occupying the S.E. portion 
of Kyushu, namely, the eastern portion of Satsuma, the whole 
of Osumi except its southern end, and the 8. half of Hyuga; (B), 
an irregular are or zone across the N. portion of Kyushu in an 
E.W. direction, namely, the whole of Bungo and Chikugo, the 
N.E. corner of Hyuga, the S.E. portion of Buzen, the N. portion 
of Higo, and the E. portion of Hizen, The formation of the (A) 
area is due to the direct eastward sound propagation from Sakura- 
jima, while the (B) area is separated from the other by the silence 


* See the Bulletin, Vol. VI, p. 75. 
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zone, including the S. portion of Hizen, the central and S. portions 
of Higo, and the N. portion of Hyuga. At several places in the 
(B) area, the detonations were extremely loud. aes 

2. Arrival of volcanic sound waves at different places. Table XIX 
gives, with respect to the Sakura-jima outbursts on Jan. 12th and 
13th, a comparison of the times of the first arrival at different 
places of the air concussions or vibrations, namely, of either the 
detonative sounds or the inaudible aerial waves causing shaking 
effects. 

The comparison of the distribution of the time of the sound 
arrival in Kagoshima prefecture (provinces of Satsuma and Osumi) 
with those in all the other prefectures noted in Table XIX is as 
follows :— . 


TABLE XV. TIME OF FIRST SOUND ARRIVAL AT DIFFERENT PLACES 
IN KAGOSHIMA PREFECTURE COMPARED WITH THOSE FOR 
OTHER PREFECTURES. 


Kagoshima Prefecture. Other Prefectures. 

Time of Number of --- > Mime of 217. 2 uaNumber oe 

Commencement. Places. Commencement. Places. 

102102; aimee 52 LO=105 a.m) We AL 20 

isl ain Rec Sener ota, ! Ji-12) 4.msava rye SENS 

Lepore es 6 

2D .Lls aie ea ae ae 3 2 Dl hie een te eve 3 

D.Pallgy We epee ees ae 1 edly is, oes ores ira 3 

4-43 p.m. 2... eee LL 

6-04-0101, oe ee. 8 

6-64 p.m 2.00 sl 6, 8 O- G52 70 ies Bamreke tne 17 

(atk pine ee 5 

SDD a, Meta 1 
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LOS Oe a eee i 
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From Tables XVIII and XIX, it will be seen that the air 
vibrations began to arrive, (i), for a great majority of places at 
10 to 103 am.; and in the next instance, (ii), at about 6 
p-m., on the 12th. The first of these two epochs corresponds of 
course to the commencement or earlier part of the eruption, while 
the second probably marks the time when the latter entered on 
the more explosive stage. N aturally the sounds were heard 
at the earlier epoch (i) at several places in the Kagoshima and 
Miyazaki prefectures near the volcano. This was, however, also 
the case to a notable extent in the Oita, Fukuoka, Kumamoto, and 
Saga prefectures (provinces of Bungo, Buzen, Chikzen, Chikugo, and 
Hizen, and the N. part of Higo), which is Separated by the silence 
zone. from the neighbourhood of Sakura-j -jima. (See §§ 30 and 31.) 
The sound waves arrived at the later epoch (ii) at places further 
distant from the voleano, in the prefectures of Kochi (Tosa), 
Yamaguchi (Suwo and Nagato), Okayama (Bizen, Bitchu, Bingo, 
and Mimasaka), etc. In the Nagasaki prefecture (Hizen), which is 
situated to the N.W. from Sakura-j -jima, the air waves were per- 
ceived also at the (11) epoch. 

3. Remarks on sound areas. What has been stated in §§ 25, 26, 
30, and 31, with regards to the propagation of the eruptive sounds 
in their different aspects, is summarized in the following table, in 
which (A) is the area of direct sound propagation, or that includ- 
ing the volcano itself, and (B) the detached sound area situated 


to the north of the silence zone and extending nearly in an 
E.W. direction. 
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TAELE XVI. SOUND-AREAS AND SILENCE ZONE OF THE 
SAKURA-JIMA ERUPTION, 1914. 


Sounds of A General 

Sound Area. Strong after.» [Maries soumt| 5 sound pro- 
: : sound. F propagation. cor = ae 
(R=Radial Distance ) emptions. pagation. 


(Fig. 26.) | (Fig. 27.) | (Fig. 28.) (Fig. 25.) 


A Area. 

R, max. (N.E.) 114 km 102 km 111 km |- 110 km 
B Area. i 
Inner boundary: BR, max, 153 136 158 166 
os R, min. 139 158 140 146 
* R, mean. 152 173 144 156 
Outer boundary: JR, max. 247 230 {373 ey — 
: R, min. 195 210 200 202 
ey R, mean. 215 225 — 220 
Central line: R, mean, 177 196 195 190 
Width, max, 107 — 112 110 
» ‘mean, 68 64 93 75 


Silence Zone. 


Central line: R, (N.E.). 135 116 135 129 

= R. (N.). 104 — 105 105 

9 R, (N.N.W.). — 128 — — 

D Rye Means go (i Reece a: Scie ine ck ei eas eee are cee 
Width: E. part. axl 108 44 — 

éy Central part. — 108 — —_ 


From the above table we see that the extensions and dis- 
tances of the propagation areas remained nearly alike in the three 
cases of the strong detonation, and of the sounds of the after- 
explosions and of the earlier portion of the main eruption (figs. 26, 
27,and 28). Thus, the maximum radius of the (A) area, in the N.E. 
direction, had the mean length of 110 km, while the mean radii 
of the inner and outer boundaries of the more or less arcual (B) 
area were respectively about 156 and 220 km, with the mean 
width, or N.S. dimension, of about 75 km. It is interesting that 
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Fig. 26. Map of Kyushu, indicating the Propa 
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Pl. XXII. 


Sakura-jima Eruption of Jan. 1914. 


Fig. 29. Map of Kyushu, indicating the Area 
of Ash-Precipitation on Jan. 17th, 1914. 


..Place where the ash-precipitation took place. 
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the average value of the radius of the middle point in the (B) 
zonal.area is 190 km and practically identical with the result 
obtained for the case of the Asama-yama explosions, in which the 
centre of the detached sound area was westwards at a distance of 
186 km from the voleano. (See the Bulletin, Vol. VU, fig. 43.) 

The width of the silence zone was, as may be expected, great 
and equal to about 108 km in the case of the comparatively feeble 
sounds of the after-explosions ; being much smaller, and about 40 
to 50 km, in the case of the stronger sounds. Yet the middle 
axis of the silence zone was at a nearly constant radial distance 
of about 120km; this being again approximately equal to the 
mean distance for the case of the general sound propagation 
during the first two days of _the eruption, (fig. 25), in which 
the silence zone was reduced to-a’' very small space, of inner and 
outer radii respectively of 114 and 140 km, (with the width of 
only 26 km, and the length of 65 km), the centre being at a 
distance of 127 km from Sakura-jima. 


TABLE XVII. DURATION OF VOLCANIC DETONATIONS AT 
DIFFERENT PLACES. 


(The time relates, if not otherwise mentioned, to the 12th of Jan., 1914.) 


ee 


Prefecture. Piece Occurrence of Sounds and 
(Province). : Air Shakings. 


Sounds like distant thunders, (with very 
slight shaking effects), from 10.30 a.m., thence 
gradually increasing. Air shakings stronger 
since 5 p.m., 12th, maximum in force at 


Miyazaki Met. Observatory. 10.20-11.05 p.m., thence slightly decreasing. 


Miyazaki. (The sounds remained in the mean-while 
nearly constant in intensity.) Stronger again 
(Hyuga.) at 1.35-1.50; 3.40-4.51; 7.40-7.50 a.m., 13th; 


thereafter feebler. 


eee from 10.40 am., strongest at 7-10 


ony tice. p.m., 12th; declining from 6 p.m., 13th. 


| @RE Obi. Sounds, from 11 a.m., strongest at 7-11 p.m. 
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TABLE XVII. (Cont.) 
Prefecture. Occurrence of Sounds and 
; Place. . . 
(Province. ) Air Shakings. 
Sounds, from 10.03 a.m.; strong and like 
wilt DFR Kakto. {boomings of guns in battle, with air shakings, 


Miyazaki. 
(Hyuga.) 


MIAEK  'Tonogori. 


Oita. 
(Bungo.) 


Kumamoto. 


(Higo.) 


Saga. 


(Hizen.) 


Kagoshima. 


(Satsuma. ) 


Fukuoka. 


(Chikzen, 
Chikugo, 
Buzen.) 


Oita Met. Observatory. 


4 {ff Sahegi. 


Hail Nakatsuye. 


Kumamoto Met. Observatory. 


Saga Met. Observatory. 


Sr 


Miyaki. 


Tanega-shima. 


mM Jil 
A 
TAA 
dt Sf 
H AR 
He ED 


wy 


founds: 
e 2.10 p.m., like boomings of guns (with 


from 1.32 to 3.16 p.m., also at 5,02 p.m. 


Air shakings, from 1 p.m.; very strong from 
6 p.m. 


{air sha from 10 a.m., stronger after 6 p.m. 


from noon, like distant thunders; 


strong shakings); strongest at 6-7} p.m., 
thence lessening in intensity. Between del 
and 12 p.m., 5 or 6 detonations. 0.30-1.10 
a.m. (13th), quiet ; 1.10-2.20 a.m., some weak- 
er sounds; 3.40-5.20 a.m., stronger - again ; 
5.45-7,10 a.m., very strong, thereafter weak- 
ening. 


10 a.m., strong shakings; 2 p.m., sounds like 

boomings of guns, : 

a 50 a.m., sounds like boomings of guns; 
2 p.m., very strong. 


425-30 p.m., faint sounds like distant thun- 
ders. 


5-10 p.m., stronger. 


Sounds, from 10 a.m., strongest a 6.10-6.30 
p-m. 


by shakings, began at 11 a.m. and increased 
in force toward the evening, continuing till 


Sounds like gun boomings, accompanied 
( a.m., 13th. 


Yanagawa. 


Omuta. 


Kurume. 
Kitano. 
Amaki. 
Togo. 


Orio. 


Hachiya. 


Sounds, from 11.47 a.m. to 7 p.m.; more or 
less till 4 a.m., 13th. 


Sounds at 11 a.m.; stronger from 4 p.m., with 


Peiy morning, sounds like gun boomings; 
lures 


Sounds, from 11 a.m. to 10 p.m. 
Sounds, from 10 a.m. to 1 am., 13th. 
Sounds, from 5 p.m. (12th) to 6 a.m., 13th. 


Sounds, from 9 p.m. (12th) to 1 a.m., 13th. 


Sounds from 6 p.m.; strongest from 9 to 12 
p.m.; continued till 3 a.m., 13th. 


Sounds, from 10 a.m. to 4p.m.; also from 5 
p.m. (12th) to 5 a.m., 13th. 
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(Cont.) 


Prefecture. 
(Province.) Place. 
YL) se Fy Shimoyama, 
Kochi. REE AH BP Yoshibuno. 
(‘Tosa.) -E 2 Wy RY 22 Kuwao. 
SEAN LE Kaminojiri. 
Niihama Met. Observatory. 
Ehime. 
(Iyo.) =e=— Mishima. 
NX AS A Yawatahama. 
oeew®- | fl. Wada. 
KW eA  OOuchi. 
Pea ## = ly ~=Tokuyama. 
Suwo.) * |  @ Takamori. 
y—& © Shikano. 
ores Tokushima Met, Observatory. 
pean Wakayama Met. Observatory. 


Occurrence of Sounds and 
Air Shakings. 


Sounds, from 7 p.m. (12th) to 7 a.m., 13th. 
Sounds, from 6 p.m, (12th) to 10 a.m., 13th. 
Sounds, 6-10 p.m. 

Sounds, 2-7 p.m. 


fore noon till evening. Shojis shaken till 
morning, 13th. 

Slight shakings, from 3.40 
13h 


Sounds, from 6 p.m., strongest at 0.20 a.m., 
13th. 


{fore like gun boomings, from a little be- 


p.m. till 3 a.m., 


Shakings, from 5 to 10 p.m. 


Sounds, from 6 p.m. (12th) to 11 a.m., 13th. 


3 p.m. (12th) to 8 am., 13th. 


” ” 


4 p.m. (12th) to 74 am., 13th. 


” ”? 


6§ p.m. (12th) to 3 am., 13th. 


”? 2? 


Sounds, with shakings, 4-8 p.m. 


Sounds; from 6} p.m. to 13th, afternoon. 


TABLE XVIII. LIST OF PLACES WHERE ON JAN. 12TH, 1914, STRONG © 
VOLCANIC DETONATIONS WERE OBSERVED.* 
(The time relates, if not otherwise mentioned, to the 12th of Jan., 1914.) 


Time of 
Commence- 
ment of 
Detonations. 


Place. 


Miyazaki Prefecture. 


ABZ Miyakonojo. 10 a.m. 
yy #K Kobayashi. 10 a.m. 
fw #3 Takanabe. Noon. 


Intensity of Detonations. 


(Province of Hyuga.) 


Loud, shaking doors and shojis very much. 


Very strong. 


Like boomings of guns, shaking doors and 
shojis. 


* In the Kagoshima prefecture, the sounds were loud in the E. portion of Satsuma and in 


nearly the whole of Osumi. 
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TABLE XVIII. (Cont.) 


Place. 


Time of 
Commence- 
ment of 
Detonations. 


Intensity of Detonations. 


Miyazaki Prefecture. 


(Province of Hyuga.) 


eS HWA Tonda. = Strong, with much shakings. 
a HAY = Niuda. — Do. | 
ssieastt Tonogiri. | 10 a.m, | {SemaBE ates pm. and accompanied by 
= i i sf Sanzai. ei pe cones and like thunders; heen also 
ae Violent, air shakings also being excessive as 
=A Mino. 7 {0 render habitation in houses with glass 
windows dangerous. 
JES AS Kawanami. core Strong, like distant thunders. 
“30kEN Higashi-mera. a Do. 
AR AS Kijo. aaa Strong, with shakings. 
-geqk#y «= Kami-Hokita. — Do. 
AbJaAy Kitagawa. a Strong, with much shakings. 
faui¢#t Minami-Ura. 2 p.m Violent. 
dbii#eA =©Kita-Ura. — Strong. 
‘fer IsAy = Miyazaki. ms Do. 
PRIEHT Obi. 11 am. | Violent. 
MAK Kakto. a Very strong and like gun boomings in battle. 
Oita Prefecture. (Province of Bungo.) 
Kk Fp Oita. Noon. eee boomings of a with excessive 
YeAGO Sahegt D am. | Poe eer 
| =H Miye. 10 a.m Ree SS of guns, with very aa 3 
*ysHeAF 6Takeda. 10 a.m. Do. 
mL Nakatsuye. 11.50 a.m.| Like boomings of guns, with violent shakings. 
G@hA ‘Tsubusa. = Very strong in the afternoon. 
Mae Yokkaichi. — Strong from 1 p.m, 
RBH Higashi-Togo. Forenoon. 


Excessively strong in the night. 
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TABLE XVIII. (Cont.) 


Time of 
Commence- 

Place. Beant Ge 
Detonations. 


Intensity of Detonations. 


Kumamoto Prefecture. (Province of Higo.) 


eg . Like boomings of distant guns. Some doors 
1 cas Takamori. Noon. ‘and shojis were overthrown. 

or HH Miyazi. — Detonations were excessive. 

Wy Yamaga. 10 a.m. Like boomings of guns. 


Saga Prefecture. (Province of Hizen.) 


Se : : Violent, like boomings. of guns or distant 
=e Miyaki. 10 a.m. {ender 


4 et From 6-7 p.m. the sounds became louder, 
He Ye Fujizu. 8 am. {ana like the reports of guns fired at some 
distance. Heard toward S.E. 


: Like boomings of guns, accompanied by 
ing ’ 
fi a Saga. Morning. | shaking strongest at 5 p.m. Heard toward 


S.E. 


Nagasaki Prefecture. (Province of Hizen.) 


\ Konagai. 10 a.m. Excessively strong, and like boomings of guns; 
‘| RAF 3 accompanied by shakings. Heard toward S. ‘ 


a Ff Isahaya. — Strong, like distant thunders. Heard toward S. 


Fukuoka Prefecture. (Province of Chikzen, Chikugo, Buzen.) 


a Like distant thunders, with shakings; strong 

KE A Omuta. 11 a.m. { Paya) pan: 
YiRE Ss Kurume. 11 a.m. Very loud in the afternoon. 

° Like boomings of guns; shakings became 
dé SF Kitano. 10 a.m. {saatenl from 5-6 p.m., 13th. 
GH oot Yoshii. 5 p.m. Very strong after 3 p.m., 13th. 

ne Like boomings of guns; very strong from 9 
tr «Oe Orio. 6 p.m. i 1a th: 
AW Hachiya. 10 a.m. Strong, with slight shakings. 

Kochi Prefecture. (Province of Tosa.) 

WL) Se EF Ly Shimoyama. ic pm. Rolling sounds continued throughout the night. 
ALLS FEF Yoshino. 3 p.m. Shakings strongest at 5 a.m., 13th. 
Hh ee Zizoji. = Shakings strong at 6 p.m., 13th. 


Tokushima Prefecture. (Province of Awa.) 


Hf Hinoya. Afternoon. | Shook as in a strong earthquake. 
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TABLE XVIII. (Cont.) 


Time of 
Commence- 

Place. | ment of 
Detonations. 


Intensity of Detonations. 


Yehime Prefecture. (Province of Tyo.) 


AES Uwajima. 6 p.m. | 
Wei Yawatahama.| 6 p.m. 


Like boomings of guns, shaking shojis slight- 
{iy. Very strong after midnight. 

Loud detonations, causing slight shakings; 
heard toward S.W. 


TABLE XIX. SOUNDS OF SAKURA-JIMA ERUPTIONS OBSERVED 
AT DIFFERENT PLACES. 


(The time relates, unless otherwise mentioned, to the 12th of Jan., 1914.) 


: a eos Time of | No. of |Time of No. of | Time of ~ No. of 
Prefecture. Os rovince.) Comm ’t Ee Comm’t Places. | Comm’t Places. 
4 . c oO = 10-103 aM eR De 2 p m.. se Sewiie’ oar be 3 6-61 
Kagoshima. (Satsuma, Osumi.) {in-11 pete: dies {3 Pa ee 1 $ pm. "eee 
Miyazaki. (Hyuga.) 103-11 am. .. 5 ——- —— 
Oi 10-12 am..... 1-2 p.m....... 2 Wi. eer y 
Oita. (Bungo.) 0-12 a.m 21 13 eae eae 9 4 p.m 2 
Kumamoto. (Higo.) O22 penins eee 4 — 43-7 pm. .... 5 
Saga. (Hizen.) S21 058 Wie te a aA esl eaester cers ae PO=O ol dite 2 
Nagasaki. (Hizen.) ‘LOGINS saat 1 _ 4-6. p.Wde see 4 
<a. (Chik ik Pees oe 122 pm.) ge 2 |{5-7 pm. ....5 
Fukuoka. (Chikzen, Chikugo, Buzen.))| 11 a.m. ... 6 p.m | 5-11 pice 
Yehime. (Iyo.) Lijoa.mirrte. L@laeeD Meet .5..ek LG pm; holes ie 1 
: ay 4-5 p.m....... 2 
Kochi. (Tosa.) — Agi STI eee <reeas 1 6 a “eae: 3 
i 7-9 P. Diese se 3 
Kagawa. (Sanuki.) — Be) LA pita ree ene PRE SYM OM .Y 3s oes 1 
Yama i. i —— 1-3 p.m.s.+...-2 {44-7 p.m. .... 5. 
Yamaguchi. (Suwo, Nagato.) p oe a.m, (13th). 3 
Nara. (Yamato.) = UF ay ok 1 aie cap 1016S \p.1iseeaeen 1 
" Bizen, Bitchu, and 4-6 p.m....... 5 
pele tet {itimanakn, {10 pm. ...... 1 
Shimane. (Iwami, Izumo, Oki.) — — 6. p.m ees 1 
Tokushima. (Awa.) —— oe COM ow sabe oA Slee Le 
Wakayama. (Kii.) —_—- a 63 p.m. ~.2... 1 


a RE OS SE SS RR SS 
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CHAPTER V. ACCUMULATION AND TRANSPORTATION 
OF ASHES THROWN OUT DURING THE SAKURA- 
JIMA ERUPTIONS OF 1914. 


$4. Emission of ashes from two craterlets groups. The eruptive, 
especially the explosive, energy of the eastern, or Nabe-yama, side 
craterlets group was much more powerful than that of the western, 
or Yokoyama, side one. Thus, for instance, on the latter side 
only one of the explosive vents is large, while there are on 
the former four large explosive craterlets, beside a large erup- 
tion erack formed across the shoulder of Nabe-yama. The volume 
of lava outflow from the eastern craterlets was also more than 
double that from the western ones. From these facts it may be 
concluded that the pumice and ash, which were carried by the 
winds mainly eastwards, originated at least twice as much from 
the former than from the latter craterlets group. 

$5. Distribution of ash and pumice in Sakura-jima. The greatest pre- 
cipitation of ash and pumice was in the vicinity of Nabe-yama, 
the thickness of the accumulation being about 4 metres in the 
valley between the latter and Gongen-yama (a 340-metre hill), 
and from 1.8 to 2.2m in the low districts about the village of 
Krokami, To the 8.E., on the top of the 325-metre Sakkabira 
(Hayasaki) promontory at the opposite side of the former Seto strait, 
the precipitation was reduced to 69cm. To the N.E., on the 
slope of Kita-dake, above Komen at 400 m height, the thickness of 
the pumice layer was 90 cm, being not less than 1 m on the peak 
summit itself. On the other hand, the top of Minami-dake 
was thinly covered by pumice, at least at the S.E. part of the 
crater rim, where black earth remained exposed at some places. 
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The Kamano trigonometrical point on the 374m hill above the 


villages of Take, Fujino, and Saido, was covered by ash and 


pumice to a thickness of 1.35 m, 


The pumice pieces precipitated during the active epoch of the 


eruption were larger than those at succeeding times, and the sur- 


face ashes which cover the pumice layers were due to the sub- 


sequent weaker outbursts. The following supplementary list of the 


ash and pumice accumulations at different places in Sakura-jima 


is taken from the report of the Forest Office of Kagoshima respect- 


ing the effects of the eruption on forestry. 


TABLE XX. ACCUMULATION OF ASH AND PUMICE 


IN SAKURA-JIMA. 


(1 sun=1.2 inch=30.3 mm.) 


Locality. 


Yunohama (#2774), at 150 m height. 


Between Yunohama and Furusato, at 150 m height. 


Above Yunohama, at 250 m. height. 
Cultivated field at the east of Furusato. 
Above Furusato, at 140 m height. 
Yunohama beach. 

Above Kwannon-zaki. 

At Kwannon-zaki. 

Between Furusato and Yuno (#%Z). 

At Yurio and Mochiki (#7{). 

Krokami (34iijt). 


Vicinity. of Gongen-yama, near Krokami. 


At Uranomae (jj iif). 
Near Komen, at 150 m height. 
Cultivated field at Shirahama (f4}). 

- » above Matsuura (jf). 
Saido (py 34). , 
Cultivated field above Saido. 


oS » at Fujino. 
Near Take (g&), at 100 mi height. 


Surface 


Ash-layer. 


0.5 
1.2 
(Slight) 


Pumice Layer. 


Upper Lower ; 
portion. portion. Total 
(Fine (Coarse | Thickness. 


pumice.) | pumice.) 


- — 0.0 
= 2 40.0—70.0 
-- — >35.0 
5.0 5.0 10.0 
— — 13.0 
_ — 13.0 
_ — 18.0 
— — 18.8 


ae = 24.0 
_— —_— 18.0 
Soe — 18.0 


sh accumulation.) 
lines of 
lively. 


= 
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Ash at different places in Sakura-jima. The curves, drawn by interpolation, are the lines of 
100, 50, and 20 cm accumulation respectively. 
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As will be seen from the map (fig. 31), the precipitation of 
volcanic matter in the 8.W. portion of the island, from Yunohama 
to the neighbourhood of Hakamagoshi, was very slight, namely, 
under 20 cm, and consisted of ashes only. This, together with a 
few limited localities in the N.W. coast of the island is the 
only district in the island, where vegetation was not seriously 
affected by the eruption. The northward extension of the curves 
ef equal accumulation is due to the southerly wind which set in 
at Kagoshima from about the noon on the 13th (Jan. 1914). 

36. Ash-precipitation in the vicinity of Sakura-jima. The map (fig. 33), 
which indicates the approximate distribution of amount of the ashes 
in the vicinity of Sakura-jima, namely, the S.E. portion of Kyushu, 
has been compiled from a great number of reports sent in by the 
village offices and tobacco plantation stations respectively to the 


fy 
ra 


BPS 5a, Tas (Re) ie FO kim 
Fig. 32. Diagrammatic Representation of the Ash and Pumice Accumulation along an 
E.S.E.—W.N.W. line through the centre of Sakura-jima. 
(1 shaku=30.3 em=1 foot very nearly.) 
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Kagoshima meteorological observatory and Kagoshima ‘Monopoly 
Bureau, supplemented with a few personal observations. ‘The area 
of ash-precipitation of over 30 sun (=3 shaku=8 feet very nearly) 
was an ellipse stretching from the centre of Sakura-jima towards 
the E. slightly S. for a length of about 26 km, with the maxi- 
mum width of 84km. The. greatest length of the areas of the 
precipitation of over 5 sun (=6 inches), 3 sun (=3% inches), and 
1 sun (=0.1 foot) were respectively 47, 52, and 70 km. The land 
area of slight precipitation, or of ash-accumulation of 1 sun to 
about 1 mm, had a radial distance of 120 km in the N.E, direc- 
tion, but one of only about 20 km toward the W. 

The radial distances of the points of intersection of the dif- 
ferent curves of equal precipitation amount with a line parallel to 
E10°S-W10°N, which is the direction of the major axis of the 30- 


sun area, are as follows :— 


Westwards from Centre Eastwards from Centre 
of Sakura-jima. of Sakura-jima. 


— (East coast of Sakura-j. = 5 km) 
~ as (Coast of Ushine, Osumi=11 ,, ) 


3. Kin ees eee eae 30-6. TANG wee nasa ee eas 23 km 
5" era ree Dic some prea. oo See ees 43, 
Oy kee ian ae ee Se 7 Le rE ee 46 ,, 
(gg OR, & ated gerbe LGA ayers Ss eee aia eee 550A, 
ae he rata he igs ae 1 mm line (Stretches far out over the ocean.) 


The profile of the cone, or accumulation, of pumice, sand, and 
ash, based on the above given figures and the observations at 
Krokami and on the Minami-dake and Kita-dake peaks, is given 
in Fig. 32, from which it will be seen that the eastern slope is, 
on an exaggerated scale, perfectly similar’ to the gradual logarith- 
mic slope of Fuji-san type volcanoes, while the western slope is 
incomparably much steeper. From this fact, it can perhaps be 


eX V 


Sakura-jima Eruption of 1914. 


Fig. 33. Map showing the approximate Ash-distribution 
in the S. Portion of Kyushu. 
The four inner curves are lines respectively of 30; 5; 3; and 1 sun accumulation. 
(1 sun=0.1 foot very nearly). The outermost curve (a) marks the boundary 
of the area of a slight ash-precipitation, about 0.1 sun or so. 


S....Sakura-jima. 


anay 
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infered that the form of a cinder and ash cone of large magnitude, 
resulting from a powerful ontburst, must necessarily be unsym- 
metrical on account of the influence of the strong westerly current 
in the higher atmospheric region. The high regularity of the 
conical or logarithmic form of Fuji-san, Kaimon-dake, ete., must 
essentially depend on the lavas which flowed from the respective 
central craters. The outline of the volcano of Sakura-jima is also, 
on the whole, symmetrical with respect to the N.S. direction. 

37. Ash-precipitation area. (See Table XXIV, A.) The ashes car- 
ried to furthest distances were those due to the strong outbursts 
during the first two days of the eruption, namely, Jan. 12th and 
13th, 1914, the precipitation at different places having taken place 
on the 12th to 14th. As will be seen from fig. 34, the area in 
question included Main Island (Honshu), except its N.E. portion, 
its S.E. corner, and a narrow tract along the Japan Sea coast at 
the extreme W. end; the whole of Shikoku ; and Kyushu, except 
very small portions at its S.W. and N.W. ends. 

The ash-precipitation area was highly eccentric with respect to 
Sakura-jima, indicating a marked eastward extension, as is usual 
with great eruptions in Japan where the upper atmospheric 
current is westerly. So far as is shown in the map (fig. 34), the 
furthest transportation of the ashes was in the N.E. direction, to 
Ishinomaki and vicinity, the extreme radial distance* being 1231 
km. It is, however, likely that a very small quantity of the ashes 
was transported also to some places situated outside the general pre- 
cipitation area, in the N.E. directions. Thus, according to the 
report of the agricultural station of Hanatate (Senpoku county, 
province of Ugo), whose radial distance is 1245 km, the water 
obtained by liquifying the snow precipitated there during the 24 


* Distances measured from the centre of Sakura-jima. 
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hours between 10 a.m., 15th, and 10 a.m., 16th, (Jan. 1914), was 
markedly turbid and ashy in colour, and gave a large quantity of 
deposits ; the amount of the ashy material* contained in 1 litre 
of the water in question being 108.3 grams, against the average 
amount of 3.7 grams for the interval between Dec. Ist. 1913, and 
Jan. 4th, 1914. This difference represents probably the volcanic 
ash due to the eruption of Sakura-jima. Ash-precipitation was 
also reported from a few places near Niigata, in the province of 
Kchigo. | 

To the north from Sakura-jima, the ash-precipitation was 
not. noticed at the W. coast of Hizen (in Kyushu) and in the 
islands of Iki (radial distance=267 km) and Tsushima (radial 
distance=319 km). <A thin ashy cloud seems, however, to have 
spread some distance beyond these limits to the S.E. part of 
Chosen. Thus, at Fusan (radial distance=419 km), on the 13th 
(Jan. 1914), when the weather was fine and quiet, there appeared 
light mists in the early morning due probably to the dusts from 
Sakura-jima, which thickened at 9 a.m. to an unusual degree, such 
that the chimneys and other objects at a distance of some 800 m 
could only be dimly seen, and which were finally discipated on 
the commencement of rain at 9.50 a.m. 

To the S.W. of Sakura-jima, there was on the 12th and 
13th (Jan. 1914) no precipitation of the volcanic dusts in the S.W. 
part of Satsuma and the S. part of Osumi, the shortest distance 
of transportation of the ashes in the direction under consideration 
being only 15 km from the centre of the island. Here, again, the 
fine misty smokes spread some distance further beyond the limit 
of the area of the actual ash-precipitation. Thus, at Nakano- 
shima, situated about 200 km to the S.S.W. of Sakura-jima, the 


* Solid material obtained by combusting the deposits. 
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eastern sky was, from about 5 a.m. on the 13th (Jan. 1914), 
peculiarly orange in colour, while the air was misty, rendering it 
dark at noon as in the evening. 

3S. Observations at meteorological stations. In Tables XXII and XXIII 
I summarize the observations at the different meteorological stations 
relating to the precipitation of the volcanic dusts of Sakura-jima. 

Mists. It will be seen that in Kyushu, Shikoku, and in the 
western and Kinai districts of Main Island (Honshu), the ash- 
precipitation was preceded, at an interval of some 9 or more 
hours, by the development of a peculiar misty condition which 
rendered the atmosphere considerably opaque. These “mists ” 
were undoubtedly caused by the floating of the extremely minute 
voleanic dusts given out during the earlier stage of the eruption, 
say, before 6 p.m. on the 12th (Jan. 1914), when the explosive 
force was not yet powerful to project to a sufficient elevation the 
coarser constituents of the ejecta to be precipitated as ash at 
great radial distances. Owing to the gradual appearance of the 
“‘ mists,” it would naturally be difficult to observe the exact time 
of their commencement. The earliest arrivals were reported from 
Kumamoto, Matsuyama, and Kobe, the times observed being 10 
p-m. (12th), 6 a.m. (13th), and 7 a.m, (13th), corresponding to 
the radial distances (r) of 137, 317, and 544 km respectively. 
Assuming the moment of the beginning of the definite radial 
progress of the smokes first shot up from Sakura-jima to be 11 
a.m. (12th, Jan.), we obtain the following rough values of the 
north-eastward translation velocity of the “ misty ash” :— 


To Kumamoto (r=:137 km) ....... Velocity =12.5 km/hour=3.5 m/s. 
» Mehenyamaa(ra3li 5, ) 0.2 ooo eee lO. 1. » =4.6 
» Kobe eee Re Muito. ype) SEL eso 0 


Ashes. The accumulation of the ashes was slight except in 
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the S.E. portion of Kyushu. In the N.E. direction from the 
voleano the precipitation was reduced to 1 mm already at the 
radial distance of some 150 to. 200 km, the decrease in the 
northern direction being still more rapid. Owing to the smallness 
of the amount of ash at distant places, the time of commence- 
ment of the precipitation, happening in night in many cases, was 
observed but approximately at the different meteorological stations, 
probably with the exception of that of Miyazaki, where the ac- 
cumulation was not insignificant. According to Table XXII, the 
earliest time of ash-precipitation, reported from the last mentioned 
place, was 13 a.m., 13th. Then come Oita, Kochi, and Matsu- 
yama, respectively at 84, 6, and 10 am., 13th. At Osaka, 
Kyoto, lida, and Tsukuba, the precipitation began during the 
night of the 13th, while at other places in the central and nor- 
thern parts of Main Island, it was noticed first generally at the 
early hours of the 14th. Assuming the ashes precipitated at places 
of great radial distance to be due to the smokes thrown out 
from Sakura-jima with reinforced violence after 6 p.m., 12th, we 
get the values of their transit velocity indicated in the 4th column 
of Table XXI, in which (1) includes the places lying to the N.E., 
and (II) those lying to the N. or N.N.E., from Sakura-jima. 
Again, referring the times of commencement of precipitation of 
ash at the different distant places to that at Miyazaki, and calculat- 
ing by the difference method, we get the values of the transit velocity 
of the volcanic dusts indicated in the last column of Table XXI. ° 
The ash-precipitation became thicker at Miyazaki from 1 p.m., 
at Kochi and Tokushima from 8 to 8f p.m., on the 13th, and at 
Osaka, Yagi, and Wakayama from 2 to 10 a.m., on the 14th; 
namely, 114, 94, 14, 2, 8, and 11 hours after the time of the 


commencement of the ash-precipitation respectively, giving, with 
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the exception of Osaka, an average value of about 102 hours. 
The increase in the precipitation, possibly influenced by the change 
in the distribution of the barometric pressure over Japan on the 
13th and 14th (Jan.), may also denote a stage in the eruption when 
the ashes began to be thrown out more copiously. 


TABLE XXI. APPROXIMATE TRANSIT VELOCITIES OF THE ASHES. 


Average Transit Velocity of Ashes. 


Radial Caleulation by “ Dif- 
Group. Place. Distance. Direct ference Method.” 
Calculation. ripe Sees le 
Miyazaki.) 

Miyazaki. 83km. 10,7km/hour. — km/hour. 
Oita. 206 14.2 18.2 
Kochi. 347 29.0* 62.1* 
Matsuyama. ee OL 19.8 28.4. 
Besshi. B09 19.2 25.3 
Osaka. 560 18.7 21.4 
I Yagi. 579 18.1 20.5 
Kyoto. 606 23.3 28.7 
Wakayama. 512 24.4 32.4 
Tsu. 647 19.5 21.1 
Hamamatsu. 743 29 25.2 
lida. 796 28.4. 35.2 
Mito. | 1048 27.6 31.9 
Ishinomaki. 1231 29.3 33.0 
.| Kumamoto. 137 7.4 5.0 
lu Shimonoseki. 266 12.7 13.8 
Sakai. ; 501 23.8 31.6 
Hiroshima. 353 18.6 24.1 


* The high values of the velocity for Kochi is only apparent, the time of commencement 
of the ash-precipitation at Kochi (6 a.m., 13th) corresponding probably to the arrival of the 
“ Mists” at the other places. 
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39. Observation in Ogasawara-jima (Bonin Islands).* According to the 
report of Mr. Y. Yoshida, director of the meteorological observato- 
ry of Chichi-jima, in the Bonin islands group, the circumstances 
of the ash-precipitation at Futami Harbour were as follows :— 
On the 12th (Jan. 1914), the sky was cloudy, but the air was 
dry under the high barometric pressure of 766 mm, with slight 
N.E. wind. On the morning of the 13th, at about 5. 30 am., 
the arrival of the dense cloudy matter, which was like the sudden 
visitation of a squall, rendered the air dark, and was at first 
mistook for development of thick mists by the people, who were, 
however, soon undeceived, as the fine gray ashes began to fall 
down. The precipitation was most marked for about 14 hours, 
from 6} to 7% a.m., and thinly covered the ground and leaves of 
plants, while the sun looked like a dull white disc amid the dusky 
sky. The coast of Ogi-ura on the opposite side of Futami Bay at 
a distance of 2 miles could but be dimly discerned. From about 
9 a.m. the sun began to recover slightly its brightness, but it was 
only at about 5 p.m. that the weather almost regained its usual 
aspect. There still remained, however, some mistiness in the air, 
and in the night the moon and stars. shone lazily. .A slight fall 
of rain at a little past 9 p.m. made no change, and the same 
condition of a milky haziness of the atmosphere continued through- 
out the 14th and 15th, when high cirrus clouds came floating from 
the west. On the 16th (Jan. 1914), there developed from the 
early morning a misty condition which was ‘thicker than on the 
13th, fine ashy particles being suspended in the air. After 1 p.m., 
the sun shone out, but the weather did not regain its ordinary 


condition, it becoming again dark before the evening. During the 


* For the positions of Ogasawara-jima (Bonins) and Kita, Naka, and Minami Iwo-jima 
(Volcano Islands), see fig. 1 (Pl. VIII). 
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night the apparent mist became thin, At Haha-jima, in the same 
Bonin group, the precipitation of ashes is said to have been most 
marked between 8 and 9 a.m. on the 13th.* 

If we assume the ashes precipitated at 5. 30 a.m. on the 
13th in Chichi-jima, at a radial distance of 1222 km to the 
S. 68°E. of Sakura-jima, to be due to the transportation of the 
smoke masses powerfully projected at the commencement of the 
eruption of the latter, which reached the height of over 3000 m 
at about 114 a.m., the average velocity of the S.E. progress of 
the fine ashes in question comes out to be 


1222 km. 
18 hours 


At Naka-Iwo-jima (Volcano Islands group), lying at a radial 
distance of 1290 km to the §$.57°EK. of Sakura-jima, there was 
some ash-precipitation on the 15th or 16th of Jan., 1914, turning 


= 67.9 km/hour=18.8 m/sec. 


tree leaves slightly gray in colour. 

40. Remarks on transportation of ashes. Comparing together what 
was said in §§ 36, 37, and 38, it seems that the ashes of the 
Sakura-jima eruption were carried eastwards, that is to say, 
toward the directions of N.E. to S.E., the extreme radial distances 
being over 1200-1300 km. As, however, there was no precipita- 
tion of the volcanic dust at Hachijo-jima, situated at the distance 
of 877 km to the N.76°E. of Sakura-jima, the ashes transported 
N.E.’wards over Shikoku and Main Island and those transported 
S,E.’wards to the Bonins and Voleano Islands might have belonged 
to the different stages of the eruption. The following secms, 

* It is true that the eruption of Sakura-jima was closely followed by the submarine out- 
burst from a point situated 3 miles to the east of Minami Iwo-jima, in the Volcano Islands 
group, whose smokes were first observed on the 23rd of January (1914), at 4. 50 p.m., from 
Naka Iwo-jima, situated at a distance of only 60 miles from the scene of disturbance, The 


ashes which fell in the Ogasawara-jima on the 13th seem to be due to the eruption of Sakura- 
jima on the 12th. 
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however, to be a more probable explanation of the ash-distribution 
in question :—As the height attained by the explosive smokes of 
Sakura-jima was considerable, while the craterlets themselves were 
at low levels of under 500 m, it is to be expected that the trans- 
portation of the ashes to places of different distances depended 
both on the high and the surface air currents. Thus the ash- 
precipitation at Ogasawara-jima (Bonins) and Volcano Islands was 
probably due to the swift upper winds, while that in Main Island, 
Shikoku, and Kyushu, was effected by the 8.W.’ly surface winds, 
connected with the appearance in the night of the 13th and in 
the early morning of the 14th, Jan. 1915, of a deep low pressure 
centre (744 mm) on Japan Sea. 

For the N.E.ly ash-transportation, the different places in 
Kyushu, Shikoku, and Main Island, considered in § 38, may be 
grouped according to the radial distance (=r), as in the following 
table, in which a mean value is indicated by gothic numerals, a 
figure enclosed in brackets being the number of cases from which 


it has been deduced. 


Method of Calculation. r<300 km 300<7<600 km*| 600 <7<1231km 
km/h Km/h km/h km/h 

Direct Method. 7.4—14.2 20.4(7) 25.0(6) 

Seo er : referred to 5 Qi13.8 26.3(7) 29.3 

“‘ Misty Ashes.” 12.5 16.7—27.2 


The mean ash-transportation velocity calculated by the ‘ dif- 
ference method” is v,=26.3 km/h for the radial distances between 
300 and 600 km, and increased to v,=29.3 km/h for those between 
600 and 1231km; the corresponding values calculated by the 
‘ direct method ” being a little smaller, namely, 20.4 and 25.0 km/h 


* Kochi omitted. 
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respectively. The velocity for the radial distances less than 300 
km was much smaller,"the maximum value being about 14 km/h. 
The transportation velocity of the “misty ashes’ was probably 
not different from that of the ordinary volcanic dusts. 

The ‘‘ difference method” values of the velocity v, and v, are 
equivalent respectively to 7.3 and 8.1 m/sec., with the mean value 
of 7.7 m/sec. Now, on account of the cyclonic weather from 
the evening of the 13th to the morning of the 15th (Jan. 1914), 
there prevailed 8.W.’ly winds over the central and western Japan, 
whose mean daily velocity at the different places within the ash- 
precipitation area varied on the 13th from 0.82 to 3.5 m/sec., 
and on the 14th from 3.7 to 13.5 m/sec., with the average values 
of 2.1 and 7.7 m/s. for these two days respectively. The latter 
average is accidentally identical with the general mean velocity of 
the ash-transportation above mentioned, which might have depend- 
ed mainly on the surface winds or those at low altitude. 

The high velocity of 67.9 km/hour or 18.8 m/sec., with which 
the ashes of the Sakura-jima eruption reached Ogasawara-jima 
(Bonin Islands) is not much different from the values obtained in 
the case of the Asama-yama eruptions,* for the radial distances 
under 145 km, as follows :— 


Asama Eruption of Dec. 7th, 1909............ 22 m/sec. 
” ” ” Jan. 3rd, 1911 Ait RT eRED Ge ONCE TC 17 
> ” ” ” 6th, 99 fe ww we ewww eee ese $5 
SEN talent oa irar ds per Srerapan renad 24 m/s=86.4 km/h 


41. Ash-precipitation on and after Jan. 15th, 1914. In Table XXIV, B 
is given a list of places where ash-precipitation took place, which 
was due to the after-outbursts of Sakura-jima. 


* See the Bulletin, Vol. VI, p. 69. 
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Only on the two days, Jan. 18th and 20th, (1914), ash- 
precipitation was reported from places outside of Kyushu, namely, 
from Kyoto and Osaka (radial distance=606 and 560 km) and 
from Katahara and Toyohama, in the provinces of Owari and 
Mikawa (radial distance=700 km), respectively. At Kumamoto 
(radial distance=137 km) and Mitai in the N.W. corner of Hyuga 
(radial distance=140 km), however, the ash-precipitation took place 
on several occasions; that at the former place dating as late as 
the Ist and 19th of April, 1914. It thus seems that the after- 
outbursts were unable to send ashes, except on only a few cases, 
to distances much above 150 km from the volcano, in the N. or 
N.E. direction. Again, on the 15th, 16th, 17th, and 19th of Jan. 
1914, the ash-precipitation was reported from about one to two 
dozen places, within area over 200 km in extension; while on the 
subsequent dates it was limited to only a few places or a single 
district. This indicates, in conjunction with the falling of ashes in 
Mikawa and Owari above noticed, that the eruptive energy was 
reduced in a marked and almost abrupt manner after the 19th 
and 20th of Jan. (1914): a conclusion which is in perfect ac- 
cordance with the results of the tromometer observations. 

In fig. 29 is shown the area of ash-precipitation on Jan. 
17th, 1914, which extended in the N.S. direction for a distance 
of nearly 300 km, and included the whole of Satsuma, the three 
islands of Koshiki-jima, Iwo-jima, and Yaku-shima, the 8. extremity — 
of Osumi, the S.W. portion of Higo, the Shimabara peninsula of 
Hizen, and the N.W. corner of Hyuga. The ash-precipitation 
areas on Jan. 15th, 16th, and 19th were somewhat smaller in 
extension than, but very much similar to, that on the 17th. Now, 
as will be seen from Chapter III, the barometric distribution over 
Japan on the 17th of January was nearly identical to that on the 12th 


The Sakura-jima Eruptions and Earthquakes. II. D7. 


to 13th of the same month; there being in cach case an area of 
high barometric pressure of 770 to 772 mm covering the 8.W. 
part of Japan. Yet the ashes were carried on the occasion of the 
first outbursts principally eastwards, while on the 15th to 17th, 
and on the 19th, the precipitation took place principally toward 
the 8.W..and the N., but not toward the E. It is probable that in 
very strong explosions of Jan. 12th-13th, when the smoke columns 
were projected vertically upwards to a considerable elevation, the 
ashes were carried toward the east by the swift westerly current 
in the higher atmospheric region. In cases of the small outbursts, 
however, the precipitation of ash depended entirely on the surface 
winds or on those at a slight elevation, which, on the 17th of 
January and other dates under consideration, were governed by the 


existence of a high barometric area in the western and central Japan. 


TABLE XXII. ASH-PRECIPITATION AT DIFFERENT PLACES. 


[Observations at Meteorological Observatories. ] 


Place. Time of Ash-precipitation. | Amount of Ash-precipitation. 
Misty from 10 p.m., 12th. Precipita- |{The ground had the appearance of 
Kumamoto. {eon of ash from 0} to 11 p.m., 13th. eae covered with white sand. 
? Ash-precipitation from 13 a.m., 13th, | (phickness—1.1 mm ; 1 
Miyazaki. {became thick from 1 and continued {the “T3th), ay Legare es ieee 
till 74 p.m., the same day. 
Fukuoka. 8 asm. till night, 13th. Tree leaves became slightly white. 
Misty from morning; ash-precipitn, 
Chk which began at 8.30 a.m.; becoming |{Ground surface was white-as in a 
Ita. strongest at 6 p.m., and ending at goats 
11.45 p.m., 13th. 
: Apparently enveloped in thick 
Saga. mist in the forenoon, with ash- 
preciptn. on the afternoon, 13th. 
2 Apparently enveloped in thick mist ee 
Nagasaki. | Ponies ly noriing 130i Tree leaves became white. 
Kaehs Ash-precipitation from 6 a.m., be- : 
ocd. ing thickest at 8 p.m., 13th. Waters of ponds became turbid. 
Misty from 6 a.m., precipitation 
Matsuyama. jo! ash becoming visible from 10 a.m., | Ashes adhered to tree leaves, 
13th. * 


Place. 


Tadotsu. 
Besshi. 


Tokushima. 
Shimonoseki. 


Sakai. 
Hamada. 


Hiroshima, 


Kobe. 


Osaka. 


Yagi (Nara). 


Hikone. 
_ Kyoto. 
Tsu. 


Wakayama. 


Ushio-misaki. 


Fukui. 


Hamamatsu. 
Numazu. 


Matsumoto. 
Tida. 


Yokohama. 


Kumagai. 
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Time of Ash-precipitation. 


(Cont.) 


eT 


Amount of Ash-precipitation. 


Misty from 9 a.m.; ashes fell in the 
evening, 13th. 


Misty from 10 a.m.; ashes fell at 
0.30 p.m., 13th. 


esac from 8} to 11 
‘|| p.m., 13th. 


Misty from morning, intensified at 
3 p.m., 13th. Actual precipitation 
of ash was not observed. 


Misty from 1 p.m.; ashes fell at 3-4 
p.m., 13th. 


Misty from morning, 13th. 


Ash-precipitation from 1 p.m., 13th. 
Misty from 7 a.m., 13th. 


Ash-precipitation from midnight, 
|13th, thickest from 2-3 till 7 a.m., 
14th. : 


ash-precipitation from 2-4 a.m., and 


{asiep from afternoon, 13th, with 
thickest at 10 a.m., 14th, 


Ash-precipitation at 8-9 p.m., 13th. 


( Ash-precipitation between 43 and 6 
|a.m., 14th. 


3p.m., 13th, with ash-precipitation 


{apm from morning, thickened at 
at 1-2 a.m., 14th. 


Ash-precipitation at 4 a.m., 14th. 


oA before 6 a.m., 14th. 
e. at the dawn, 14th. 
ce before 10 p.m.,13th. 


ease from early mor- 
ning, 14th. 


{Ash-precipitation from early mor- 
(ning, 14th. 


Black boards were thinly covered 
with ashes, 


It was like a very thick mist. 


It was like a severe frost. 


The ground was thinly covered 
with ash. 


ashes. During night, street electric 


| Verandahs were thinly covered with 
lights were dim. 


No ash-precipitation. 


House roofs became white. 


House roofs were very slightly 


covered with ash. 


by frost. 5 grams of ash were 
collected on a sheet of paper 4 ft 
square. 


Traces of ash were found on 
earth-thermometers. 


Slight ash-precipitation, not directly 


ka ground looked as if covered 
| obese. 


Slight. 


Very slight traces left on black 
boards. 


Floors were slightly covered with 
ashes. 


Slight. 


Only a trace. 


Green tree leaves became slightly 
white. 


of ash found on_ black 


Traces 
boards. 


Fig. 
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Fig. 34. Map showing the Area of Precipitation of 
| Ash thrown out on Jan. 12th and 138th. 
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TABLE XXII. (Cont.) 


Place. Time of Ash-precipitation. | Amount of Ash-precipitation. 
Ash- ipitation f J - 
Nagatsuro. fe neg ation from early morn 
Ash-precipitation between evening, 
Tsukuba. {30h and morning, 14th. 
AB, Ash-precipitation at 11% a.m.?, 
Utsunomiya. fiat. e 
Mito. | Ash-precipitation at 8-8} a.m. 14th. 
Fukushima. » » 3 p.m.?, 14th. 
= from 10 a.m., 15th. 
Hanadate. {ean 10 am., 16th. 
Tshinomaki. Ash-precipitation at 0-2 p.m., 14th. red ash like dust was found 


TABLE XXIII. LIST OF RADIAL DISTANCE OF, AND APPROXIMATE TIME 
OF ASH-PRECIPITATION AT, DIFFERENT METHOROLOGICAL 


OBSERVATORIES. 
(Jan. 1914.) 
ee Be Spans 7 hy Pace Ash-precipitation 
cai. Sig began at became thicker 
[Kyushu. | 
arinmoto: Pee oth 10o pte 18th, 04 ‘pam. ie 
Miyazaki. 83 — te aim. | 13th, 1 p.m: 
Oita. 206 | 13th, morning. a ss Bed eh 
[Shikoku. ] 
Kochi. 347 — 13th; 6 a.m. 13th, 8 p.m. 
Matsuyama. 317 | \- 13th, *6 a.m. ree LO ss: ——-- 
Besshi. 355 ee LULS Fe! 03 p.m. ~—— 
Tadotsu. 417 see TAS belie —. — 


Tokushima. 457 — —-~ 13th, 8$ p.m. 
[Honshu: W. Part.] ; ie : 
~ Shimonoseki. 266 | 13th, morning. | 13th, 3 p.m.* —— 
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TABLE XXIII. (Cont.) 


ne eee EEE EEE 


aS Radial Air became ASS preg enor. 

Dipeaee: Soa began at became thicker 

Séial: 501 | 13th, 1 pm. | 13th, 34 pm. Be: 

Hiroshima. 353 —— & hea — 

(Honshu: Kinai and Vicinity. ] 

Kobe. 544 | 13th, 7% a.m. —_ —— 

Osaka. 560 13th, 12 p.m. 14th, 2-3 a.m. 

Yagi. 579 |183th, afternoon.| 14th, 2-4 a.m. | 14th, 10 a.m. 

Kyoto. 606 a 13th, 8-9 p.m. 

Wakayama. 512 | 13th, morning.| 13th, 3 p.m.* 14th, 2 a.m. 

Tsu. 647 — 14th, 4} a.m. —- 

[Honshu: Central and Northern Parts.] 

Hamamatsu. 743 ——— 14th, 4 a.m. —— 

- Jida. 796 ——= 13th, before 10 p.m. BS see 
Tsukuba. 1004 ——— 13th, during the night. see 
Mito. 1048 —— 14th, 8 am. —— 

_Ishinomaki. 1231 a » O-2 p.m. a 


TABLE XXIV, A. LIST OF PLACES WHERE ASH-PRECIPITATION TOOK 
PLACE ON 12TH, 13TH, AND 14TH, JAN, 1914. 


Places where ash-precipitation took place on the 12th :— 
Kagoshima Pref. (Satsuma and Osumi). #52 , Kagoshima. ip Hy, Higashi-Minakata, 
#)i],Iwakawa.  ‘H%#, Tsuneyoshi. 7fipk,Ichinari. [y#f,Takarabe. ARF, Sueyoshi. FRI, 
Matsuyama. 7&7, Shibushi. AB, Tsukino. '!FIj, Nogata. iy, Osaki. pnyark, Kajiki. 
P4347, Nishi-Kokbu. fa], Makizono. 3%[4y,Higashi-Kokbu. jij, Fukuyama. 38 ¥F, 
Kurino. , dhigetomi. yf, Yamano. 44H,UHazuki. py KE, Nishi-Taira. 
Miyazaki Pref. (Hyuga). ji. (FAIRER), Fukushima. ht, Aburatsu. fk, Miyakonojo. 
Im ARR, Kakto. ff, Obi. 
Kumamoto Pref. (Higo). j4#k, Takamori. ‘Hh, Miyaji. 
Fukuoka Pref. (Chikugo). #\)i], Yanagawa. 


* Time when the misty condition of air increased, being here assumed to correspond to 
the commencement of ash-precipitation. 
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Nagasaki Pref. (Hizen). jph{®, Kojiro. ,§#4E, Minami-Arima. 
Saga Pref. (Hizen). f#BRH,Imari. pYs, Furuyu. 
Places where ash-precipitation took place on the 13th :— 

Kagoshima Pref. (Satsuma and Osumi). p58, Kagoshima. _-}H7k,Kami-Izumi. fil. 
Koriyama. 4)il,Iwakawa. 3, Tsuneyoshi. Thy, Ichinari. - Hf, Takarabe. rae 
Suyeyoshi. #%lj, Matsuyama. 7R7%p7K, Shibushi. EF, Tsukino. yyy, Nogata. ig, Osaki. 
NYA, Kajiki. Pypysy, Nishi-Kokbu. #33, Mizobe. #[—], Makizono. riiijly, Higashi- 
Soyama. J}8f77, Higashi-Kokbu. jg, Fukuyama. 28%, Kurino. jk, Shimizu. #¥)Il, 
Yokogawa. iif, Chosa. 477, Kokbu. pgiiply, Nishi-Soyama. iE, Gamo. Tie 
Yoshimatsu. lj¥f, Yamano. 444), Hazuki. pyAE, Nishi-Daira. %Y,Oguchi. BARE, 
Yetara. 3£ 1), Hishikari. 
Miyazaki Pref. (Hyuga). ‘epi, Miyazaki. ES) (PHRURES), Takahara. Eff], Nobeoka. FRR 
(REFER), Minamigo. HE (PREF#E), Shiiba. #4gh, Takanabe. fh Miyakonojo. vk, 
Kobayashi. f/f, Obi. 
Kumamoto Pref. (Higo). 48, Kumamoto. A, Hitoyoshi. £8 (S84EFR), Sashiki. RYE 
(KER), Hondo. A fk, Yatsushiro. =7y, Misumi. AEA (FAIA), Tomochi. PH (FAR 
#f), Matsubashi. pit} (LZ5X#f), Mifune. #€H (fM2EHp), Kasuga. ERZR (REAL), Takamori. 
“SH (BTBREB), Miyaji. #SH%, Takase. [Ey R, Waifu. ype, Yamaga. 
Fukuoka Pref, (Chikzen, Chikugo, and Buzen). jij], Fukuoka. p)il, Yanagawa. 72H, 
Omuta. jf, Fukushima. A{3%,Kurume. <Jb#f, Kitano. 3p, Yoshii. -ff7k, Amaki. 
Pa%ey, Nishi-Shinmachi. #f{Wy¥, Hakozaki. 389%, Togo. rye, Orio. PLA, Nogata. 77H, 
Yukuhashi. PAH), Mozi. 
Nagasaki Pref. (Hizen). 77%, Minami-Arima. jipft, Kojiro. js, Uuzen. fn, Koka. 
Saga Pref. (Hizen). :3%%,Saga. Bi (=Zei#f), Tosu. FREE, Fujitsu.  japyeh (Bee) 
Kanzaki. JX, Ogi. Gk#Ht, Tokeo. 

Ash-precipitation took place on the 13th also at different places evar the prefectures 
of Oita (Bungo), Tokushima (Awa, in Shikoku), Kéchi (Tosa), Kagawa (Sanuki), Yamaguchi 
(Nagato and Suwd), Hiroshima (Aki and Bingo), Okayama (Bizen, Bitchu, and Mimasaka), 
Shimane (Izumo, Iwami, and Oki), Tottori (Inaba and Hdki), Osaka (Settsu, Izumi, and 
Kawachi), Nara (Yamato), and Wakayama (Kii); and on Mount Tsukuba, and in parts of 
the prefectures of Kyoto (Yamashiro, Tanba, and Tango) and Aichi (Owari and Mikawa). 

Places where ash-precipitation took place on the 14th :— 
Kagoshima Pref. (Satsuma and Osumi). i3EES, SEE, FER, Islands of Iwo-jima, Koshiki- 
jima, and Yaku-shima. (£%,Sata. ip, (Ji3$2h), Higashi-Minakata. rh Htte Re, Naka- 
Jjuin. #1, Koriyama. £/f], Hanaoka. [i], Makizono. jy, Fukuyama. jp, Yama- 
da. }§f4:, Gamo. 
Miyazaki Pref. (Hyuga). #f)X, Miyakonojo. KE, Obi. FREE (PRAT), Takachiho. ZE/f], 
Nobeoka. 
Kumamoto Pref. (Higo). A, Hitoyoshi. WH (F445 #h), Tomochi. AL (EIR), 
Mifune. 4H (fust#f), Kasuga. 
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Fulkcuoka Pref. (Chikzen, Chikugo, and Buzen). 
Fla, Moji, 


Yukuhashi. /).#, Kokura. 
Yamaguchi Pref. (Saw6 and Nagato). 
HA #}, Tasuki. 

Okayama Pref. (Mimasaku). 
Saga Pref. (Hizen). 4'!f, Ureshino. 
Tokushima Pref. (Awa). 


HEE) (#EFAB), Naruto. 
Kochi Pref. (Tosa). 


Tomioka. 


Hey (tA Bp), Nakamura. 
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BaF, Bofu. #8 ,lj, Tokuyama. 
BLE (FF AF), Okutsu. 


AFM (4% PER), Ishii-machi. #f§ (FK#Hf), Tsubaki. 


im, Fukushima. 


Ehime Pref. (Tyo). 


#iliy, Hakozaki. 47H, 


faite (bYGREK), Tokusa, 


fe) (RAAB), 


hei, Niihama. 


Ibaraki Pref. (Hitachi). 7k A, Mito. ${yk, Tsukuba. Miyagi Pref. (Rikzen). 744%, Ishinomaki. 
On the 14th, the ash-preciptation took place also at Kobe, Osaka, Tsu, and Tokyo; and at 
several places in the prefectures of Shimane (Iwami, Izumo), Wakayama (Kii), Nara (Yamato), 
Kyoto (Yamashiro, Tanba, Tango), Aichi (Owari, Mikawa), Gifu (Mino, Hida), Fukui (Echizen, 


Wakasa), Shizuoka (Totomi, Suruga, Izu), Kanagawa (Musashi, Sagami), ete. 


TABLE XXIV,B. LIST OF PLACES WHERE ASH-PRECIPITATION TOOK 
PLACE ON AND AFTER THE 15TH OF JAN. 1914. 


All the places, unless otherwise marked, belong to Kagoshima prefecture. Those 
marked 1, 2, 3, 4, 5, and 6, belong respectively to the provinces of Hyuga, Buzen, Higo, 
Hizen, Owari, and Mikawa. On Jan. 18th, 1914, there was a slight ash-precipitation in 


Kyoto and Osaka, 


= SS 


pie & Lwo-jima. #6 uly, Koriyama. Pe HE Obi. 
fig B Koshiki-jima. 4é {it} Hanaoka. =F Mitai. 
Jan. 15th. : 
FEA Yaku-shima. AWZifi Uchinoura. 4¥ #§ Dkuhashi. 
BB2bk Kumanoki. 3h 4 Gamo. 
Bit & Iwo-jima. SF Imaizumi. 7\-#ii 5 Konejime. 
FEA Yaku-shima. 48 4% Ibsuki. Afi Onejime. 
Jan. 16th. Hiw3R Higashi-Ichiku. py Ji] Yamagawa. fA 4% Tashiro. 
WW xk Yoshinaga. ai kz Yei. =F Mitai. (1) 
A Kiire, fe ke Kanoya. 
#5. Kagoshima. HpHebe = Naka-[juin. fig Imaizumi. 
Biec& Iwo-jima. Egeepe Kami-Ijuin. #8 «7s Ibusuki. 
i  Koshiki-jima, #6 wy Koriyama. iy Ji] Yamagawa. 
FEA Yaku-shima. Hf Hioki. mi ig: Yei. 
Jan. 17th.  & Sata. 7 Fill ~Yoshitoshi. =HIJF Mitai. (4) 


-E}iizk Kami-izumi. 
FER zby Kumanoki. 


Hi fpfiti ‘Tabuse. 
by 2 Ada, 


f By Sashiki. (3) 
Ax YE Hondo. (3) 
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TABLE XXIV, B. (Cont.) 


PaTh3k Nishi-Ichiku. Jntt fH Kaseda. 7H Ft Unzen. (4) 
Jan. 17th. 
Freee Shimo-Ijuin. ree Ere: 
Biz Iwo-jima. FEA Yaku-shima. Ke PR Osaka. 
Jan. 18th, i & Koshiki-jima. -«= A Kiire. Rt 6 Kyoto. 
=H3- Mitai. (1) 
fe Sin Kagoshima, mpHepe Naka-Ijuin. #8 4 Ibsuki. 
hz & Nakano-shima. fee; Kami-Ijuin. Wy =i] Yamagawa. 
Bite & Iwo-jima. H i Hioki. “a Ws Miyazaki. (1) 
Jan. 19th. : aa 
FE Yaku-shima. py 4 Ada. =m3F Mitai. (1) 
fe & Sata. jmttt iy Kaseda. RE AX Kumamoto. (3) 
-E}H7k Kami-Izumi. = A Kiire. Ve By Sashiki. (3) 
Jan. 20th. | i 3 Takanabe. (1) jG JR Katahara. (6) Ha = 83 ‘Toyohama. (5) 
Jan. 21st. | ty «6 ‘Takanabe. (1) 
fe5i B Kagoshima. Jntt Hy Kaseda., 48 4% Ibsuki. 
Jan. 22nd. BR wy ~Koriyama. = A Kiire. Wy Ji] Yamagawa. 
by 2 Ada. 
Jan. 23rd. | ESRI Kagoshima. 
Jan. 24th. | BESIE Kagoshima. Kazi Kumanoki. Ve Br Sashilki. (3) 
Jan. 26th. SFG Imaizumi. Jan. ‘29th. H& AX Kumamoto. (3) 
Feb. 2nd. FR Imaizumi. Feb. 4th. py 2% Ada. 
Feb. 5th. jnttkhi Kaseda. 
-E}i7k Kami-Izumi. py Z@ Ada. HE Ax Kumamoto. (3) 
Feb. 7th. BE Wy Koriyama. = A Kiire. Gz Bile Sashiki. (3) 
H  Hioki. 
Feb. 15th. | mgHepe Naka-Ijuin. Vz & Sata. 
Feb. 17th. | He AX Kumamoto. (3) f& Br Sashiki. (3) 
Feb. 19th. = _Eeepg Kami-Ijuin. March 5th. iz Bik Sashiki. (3) 
March 6th. #2 AX Kumamoto. (3) March 15th. te & Sata. 
March 17th. te @ Sata. March 20th. He 7x Kumamoto. (3) 
March 27th. ze & Sata. March 31st. fi 2 Sata. 
April Ist. H& AX Kumamoto. (3) April 6th. ' f & Sata. 
April 17th. tz & Sata. April 19th. He AX Kumamoto. (3) 
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CHAPTER VI. ABNORMAL CHANGES IN HEIGHT OF 
WATER OF KAGOSHIMA BAY DUE TO THE 
SAKURA-JIMA ERUPTION OF 1914. 


42. Tide-gauge observations at Kagoshima. The first systematic 
determinations of the height of sea-surface in the harbour of 
Kagoshima were made by the public-works department of Kago- 
shima Prefecture for 24 years from Jan. 1903 to April 1905, and 
also for 1 month from May 12th to June 12th, 1909, the water 
level having been read off at 10 minutes intervals throughout the 
day and night by means of a graduated tide-gauge rod erected at the 
harbour office quay, whose zero corresponded to 14,61 shaku below 
the Military Survey Bench-Mark, No. 2469, set up on the adjacent 
strand street of Ogawa-machi (/h JI] MJ). The highest water level 
during the above mentioned time intervals was 11.3 shaku and was 
attained on Sept. 11th, 1904. In Table XXX is given the monthly 
height of sea-level for the interval between Jan. 1903 and April 
1905 deduced by averaging for the successive months the mean of 
the daily maximum and minimum tide gauge readings. Table 
XXXI contains the list of the monthly values obtained by averag- 
ing only the daily high tide levels, while Table XXIX gives the 
absolutely highest springs rise attained during the successive 
months. i 

After the recent great eruption of Sakura-jima, the tide 
observation at Kagoshima was resumed from Feb. 14th, 1914, in 
the same manner as before. Since May 1915, a self-recording 
tide-gauge apparatus, set up by the Department of the Interior at 
the inner side of the break-water of the harbour, is in the working 


order. As will be seen from the following §§, a comparison of 
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the results of the above mentioned tide-gauge observations indicates 
a considerable elevation of the mean sea-level relative to the coast 
after the eruption in Jan. 1914. 

43. Annual variation in height of mean sea-level. Before proceeding 
further, let us first consider the annual variation in the height of 
the bay-water surface previous to the eruption. According to 
Table XXV (based on Table XXX) and fig. 35, the mean sea- 
level at Kagoshima during 1903-1905 was lowest in February and 
highest in September, with the difference of 1.10 shaku (=383 cm); 
the amount and course of the annual variation in question being 
practically identical to those for Osaka. It is superflous to remark 
that the marked withdrawal of sea at the time of the spring 
tide in March is the effect of the low water combined to the 
depression of the mean sea-level in that part of the year. Again, 


Fig. 35. Annual Variation of Mean Sea-level. 
(»)....Kagoshima. (x).... Osaka. 


y=mean height of sea-level corresponding to the month x, referred to that of February 
as zero. (1, shaku=30.3 cm=1 foot very nearly.) 
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the great flood tide in September, known in Japan as “ hassak- 
jiwo’’*, is evidently the result of a spring tide, whose mean level 
corresponds to the maximum height of the sea surface in its annual 
variation. For the sake of reference, in Tables XXXII and XXXIII 
are given the mean monthly values respectively of the barometric 
pressure and the air temperature at the meteorological observatory 
of Kagoshima (height above sca-level=120 m) in 1903-5 and in 
1914; the height of sea surface varying, on the whole, inversely 
to the barometric pressure and directly with the temperature. 


TABLE XXV. MEAN MONTHLY SEA-LEVEL AT KAGOSHIMA PREVIOUS 
TO THE ERUPTION, COMPARED WITH THAT AT OSAKA. 


ee Kagoshima. Osaka. ae Kagoshima. Osaka, 
Month. (1903—1905.) | (1903—1912.) || Month. (1903—1905.) | (1903—1912.) 
shaku shaleu shaku shaku 

I 0.28 0.03 VIL 0.94 0.99 

II 0.00 0.00 : VU 1.03 1.10 

Til 0.27 0.18 IX 1.10 1.05 

IV 0.23 0.29 xX 0.93 0.91 

Vv 0.22 0.40 XI 0.34 0.41 

VI 0.59 0.54 XII 0.12 0.08 


44. Apparent elevation of bay water level. In the northern part of 
the bay of Kagoshima the sea-level underwent an elevation relative _ 
to the coast, which became manifest first on the occasion of the 
spring tide on the 13th of March, 1914, when the tide-gauge 
indicated a rise of water to 12.2 shaku. This was much in excess 
of the high flood to be expected even in the autumnal “ hassak- 
jiwo”’, and 2.1 and 1.5 shaku over the highest March sea-level in 


* Literally, tide on the 1st day of the 8th month of the year, in the old lunar calendar, 
corresponding to a new moon at the commencement of September. 
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1903 and that in 1904. respectively. The consequence was that, in 
the low districts about the mouth of the Kotsuki-gawa at the S. 
end of the city, the ground was covered by sea water at the times 
of high tides. Along the N.W. and the N. parts of the coast of 
Kagoshima Bay, where the water rise was much greater, embank- 
ments and stone walls were damaged at several places, extensive 
rice fields being thereby devastated. 

45. Highest monthly tide level in Kagoshima harbour. (See fig. 37.) 
Table XXIX gives a comparison of the highest monthly springs rise 
at the quay of Kagoshima harbour in the interval of Feb. 1914 to 
Jan. 1916, with that observed previous to the eruption, from Jan. 
1903 to April 1905; the figures in the last column being the 
excess for the different months of the year of the former over the 
latter, or the apparent elevation of the high-water level after the 
eruption, approximately freed from the influence of the annual 
variation in the height of water. 

According to Table XXIX, the excess of the high water level 
of spring tide after the eruption over that before it, which was 
slight in February 1914, was increased during the next 5 months 
from 1.3 to 1.8 shaku, with tle mean of 1.46 shaku, reaching the 
maximum amount of 2.7 shakw in August of the same year. Since 
then, till the end of 1915, the difference remained mostly between 
1.5 and 1.9 shaku, with the average of 1.6 shaku. The water 
level was highest in the months of August, September, and Octo- 


ber, as follows: 


by GU SIR a5  n in Aug. 1914. 
TL Ol ape Pel Se Sept. 1915. 
TE) 6 nn ee Oct. 1914. 


Sept. 1914. 
A SIMMER ROME GK faa (oko 0) 6s! /a)e a. 4/0. se wis. © 6) ons 0 78,.6 te 1915. 
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The apparent increase in the height of sea surface after the 
eruption in general, or the attainment of maximum elevation in 
August to October in particular, depended evidently on the elevation 
of the mean sea-level, and not on any increase in the range 
of the daily tidal oscillation or the vertical distance between the 
high and low waters, whose maximum monthly values, before and 


after the eruption, are given in the following table :— 


TABLE XXVI. MAXIMUM DAILY TIDE RANGE IN KAGOSHIMA HARBOUR, 
BEFORE AND AFTER THE BRUPTION OF 1914. 


ase Year. Before the Eruption. After the Eruption. 
Month, 1903. 1904. 1914. 1915. 1916. 
I 10.7 10.4 ~ th 10.5 
10.1 10.9 8.3% 9.7 
1 9.2 10.2 10.6 8.9 
IV 9.7 9.6 10.4 10.6 
V 10.2 9.8 ue 10.2 
VI 10.1 10.0 Be 10.0 
VII | 10.6 101s) lie 9.8 
VIII 10.1 10.4 Bs 10.7 
EX 9.2 10.1 ie 8.6 
ford 9.1 9.9 ded 9.6 
xin 9.0 9.6 ne 10.0 


XII 9.9 9.6 -— 10.3 


* Observation was re-started on the 14th of Feb. (1914). 


From the above table it will be noticed in the first place that, 
according to the observation in 1903 and 1904, the daily range of 
tide in September and October, when the high water level reached 
the maximum limit of 11.3 shaku, was 9.1 to 10.1 shaku, being 
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less than the corresponding amount of 10.1 to 10.9 shakw in 
January, February, June, July, and August. Again, in 1914 and 
1915, the cases of maximum high-water elevation and the great 
daily tide range did not necessarily occur in one and the same 
month. Thus, in September 1915, the water surface reached an 
exceptionally high level of 13.1 shaku, while the maximum daily 
tide range was only 8.6 shaku. 

46. Mean monthly sea-level in Kagoshima harbour. (See fig. 36.) In 
Table XXX are given the sea-surface heights for the successive 
months during the two years after the great eruption under con- 
sideration, obtained by averaging the means of the daily highest 
and lowest water levels. The values (bracketed in the list) for 
the interval of May 1914 to Jan. 1915 are imperfect, as the tide- 
gauge readings during these months were limited, except in the 
case of spring tides, to the day time and a few hours after dusk 
and before dawn. 

The last column of Table XXX gives a list of the excess or 
elevation of the mean sca-level after the eruption over that for 
the corresponding month averaged from the heights in 1903-1905. 
During the first three months following the eruption the increase 
of the mean sea-level height was 1.42 to 1.30 shaku, with the mean 
of 1.37 shaku. The amount of elevation was 2.25 shaku-in Febru- 
ary 1915, thence slightly decreasing toward the end of the year. 
On the average the level elevation was augmented by about 0.75 
shaku (=23 em) in the course of one complete year after the 
eruption, being again decreased approximately by about 0.46 shaku 
(=14 cm) during the next 10 months as follows :— 
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i 


atervel nie Do.eealeulatodaaan 
Feb. — April, 1914. 1.37 shaku. — shuku. 
Feb. — March, 1915. 2.12 é 2.11 
April — June, _,, 1.81 1.90 
July — Sep., “a EGE dB 
Oct. 1915 — Jan., 1916. 1.66 1.52 


a 
Unfortunately the tide-gauge observation was not complete between 
May 1914 and Jan. 1915, but it is probable that the maximum 
limit of the level elevation at Kagoshima was some 3 shaku or 
about 0.9m and reached between Aug. and Dec., in 1914. 

47. Mean monthly high-water level in Kagoshima harbour. Table XXXI 
gives the mean highwater level deduced by averaging the maximum 
daily heights of sea surface for the different months, both before 
and after the eruption, namely, between Jan. 1903 and April 1905, 
and between Feb. 1914 and Jan. 1916. The mean amount of the 
level elevation after the eruption is approximately equal to those 
of the mean sea-level considered in the preceding §, being 1.42 
shaku for Feb—April in 1914, and 1.97 to 1.56 shakw in Feb. 
1915—Jan. 1916, as follows :— 


Time Interval. Average Elevation. 
19142) Beb=-Aprily eh io eee ie ol eee 1.42 shaku. 
191627 seb, Aprils iin! Sc Ranch. ieee eae tees 1:97 

; May SUMO :.8 waves Bae eae oa ee ee 1.82 
ss POLY =O PUee lens Se et ecto eee ee ary 5.8, 
1915, Oct} D1 Ga sane ete er tiem greet eee 1.56 


48. Digression on sea-level variation at Hososhima. A remarkable 
change in the height of sea-level relative to the coast similar to that 
along Kagoshima Bay was not indicated at neighbouring districts, 


as will be seen from the following table, giving the yearly mean 
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sea-level height for the 17 years, 1898 to 1914, at the tide-gauge 
station of Hososhima, in the province of Hyuga, about 134 km to 
the N.E. of Sakura-jima. 


TABLE XXVII MEAN YEARLY SEA-LEVEL* AT HOSOSHIMA, 18981914. 
(IN METRE.) 


Se 


Year. Height of Sea-level. Year. Height of Sea-level. 
™ Gaia stagh nt.” m 

1898 (—) 2.554 1907 (—) 2.598 
1899 538 1908 587 
1900 556 1909 | 603 
1901 564 1910 626 
1902 BTS 191 614 
1903 555 1912 597 
1904 576 1913 583 
1905 554. 1914 584 
1906 574. 


* Vertical distance of sea surface measured below a point fixed in the tide-gauge room. 


It will be seen from the above table that the mean height of 
the sea-level in 1914 was not at all higher, but was, on the con- 
trary, about 2 cm (=0.066 shakw) lower than in 1903 and 1904. 
Again, from Table XXVIII, giving for the 4 years 1911 to 1914 
the mean monthly height of sea-level, it will be observed that the 
latter is subject in a given month of the year to a fluctuation 
of the maximum amount of 15 cm (=0.5 shakw). The amount 
of the level increase at Kagoshima (§ 46) was several times 
greater than this limit of fluctuation for Hososhima. 


142 F. Omori :— 


TABLE XXVIII. MEAN MONTHLY SEA-LEVEL AT HOSOSHIMA, 1911—14. 


Vertical distance of sea surface measured below a point fixed in the tide-gauge room. 


Pinca 1911. 1912, | 1913. | Mean. 1914. 
Month. 

I 2.765 2.720 2.666 2.717 2.816 

II 2,828 2.661 2.667 2.719 2.718 

1 2.651 2.688 2.722 2.687 2.613 

IV 2.680 2.726 2.664 2.690 | 2.656 

Vv 2.684. 2.641 2.604 2.643 | 2.586 

VI 2.563 2.513 2.491 2.522 2.539 

VII 2.508 2.571 2.492 2.524 | 2496 

VIII 2.474 2.458 2.351 2.428 2.445 

IX 9.435 2.416 2.473 9.441 || 2.404 

Xx 2.482 2.546 2.485 2.504. 2.498 

XI 2.606 2.639 2.621 2.622 2.558 

XII 2.688 2.585 2.762 2.677 2.677 

Mean. 2.614 2.597 2.583 2.598 2.584. 


49. Change in sea-level height after Anei eruption, 1779. The eruption 
in the 8th year of Anei (1779) was also followed by the over- 
flowing of sea-water along the coast of the bay of Kagoshima, as 
is evident from the following translation of an account by the 
famous traveller Tachibana Nankei, who visited the scene of dis- 
turbance about 4 years after the catastrophe :—‘ After the great 
eruption of Sakura-jima in the Anei period, the bay water was 
elevated 5 or 6 shakuw at Kagoshima, and to over 10 shaku at some 
other places. The low strand streets, namely, Shimomachi, Tsuki- 
machi, etc., of Kagoshima, were at times of spring tides covered 
by sea water, such that it was impossible to wade through even 
with high geta (wooden clog). The garden of the house of one 
Oyama Koemon, where I put up, was also on those cases filled 
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with sea water. The efforts of the reighning lord of Satsuma to 
provide against the intrusion of sea water by the erection of 
embankments were ineffectual, and there were, in the neighbourhood 
of Kajiki, some villages entirely destroyed by tides or obliged to 
remove to higher grounds. The cause of the remarkable elevation 
of the sea surface may be in the depression of the ground of the 
two provinces of Satsuma and Osumi, in consequence of the out- 
flow of rock and ash from Sakura-jima. Anyhow it was highly 
curious that the elevation of sea-level was limited to Kagoshima 


99 


Bay.” From the foregoing account it will be seen that the re- 
markable elevation of sea-level, whose maximum effect was shown 
in the neighbourhood of Kajiki, Kokbu, etc., on the northern 
coast of Kagoshima Bay, continued for, at least, 4 or 5 years after 
the great eruption of 1779. The subsequent course of the pheno- 
mena of elevation of the sea surface is not known, but, as stated 
in a subsequent §, it is probable that the sea-level regained its 
original height first after the lapse of several dozens of years. 

50. Cause of sea-level elevation in Kagoshima Bay. ‘The apparent or 
relative elevation of the sea-level attending the recent eruption of 
Sakura-jima (§§ 44-47) was of course not confined to the harbour 
of Kagoshima alone, but was manifested along the coast of 
Sakura-jima and of the northern portion of Kagoshima Bay, as was 
the case after the Anei eruption (§ 49). The maximum amount 
of the sea-level elevation was about 3 feet at Kagoshima, 3 to 
4 feet at the vicinity of Shigetomi (about 14 km north of Kago- 
shima), and about 34 feet at Kokbu and Kajiki; the change 
being also very marked at several places in Sakura-jima. Thus, 
at the village of Komen, situated on the north coast of the island, 
two houses which stood on the beach had to be removed in con- 
sequence of the increase in height of tides. Again, at the 
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neighbouring village of Shirahama, the tide reached in Autumn of 
1814 the house ground, whose side stonewall is 7 feet in height, 
and which is separated by a piece of cultivated field about 12 
feet in width from the beach road now permanently under water. 
The vicinity of Nojiri at the 8.W. part of the island also suffered 
~ much from a similar rise of the sea water. It seems that the . 
maximum amount of sea-level elevation at Sakura-jima was some 2 
metres and much greater than along the coast of Kagoshima Bay. 

When the effect of the sea-level elevation became marked first 
in March 1914, the change was generally attributed to the closing 
of Seto Strait, which -was believed to have much influence in 
impeding the tidal motion in the bay. Prof. A. Imamura supposed, 
however, the phenomenon in question to be the expansive effect 
of the bay water due to the heat communicated by the hot lava 
masses which flowed into the latter; while the present author 
attributed the elevation of the sea-level to the depression of the 
ground in and around Sakura-jima in consequence of the great 
eruption. That the influence both of the blocking up of Seto 
Strait and the heating of the water by the lava streams must have 
been very slight may be inferred from the fact that the amount 
of sea-level elevation immediately after the commencement of the 
eruption was much smaller than that 6 months later on. Further, 
the Anei eruption of Sakura-jima did not close Seto Strait, 
indicating that the blocking up of the latter, which probably 
modified to some extent the course of the current in the northern 
part of the bay, was not the necessary and_ sufficient cause of 
the sea-level elevation. Again, as will be seen form No. 38. of 
this Volume, the surface sea-water temperature in Kagoshima 
Strait on and about the 18th of January, 1914, one week after 
the commencement of the eruption, was 16°.7 C, or i°4 C higher 
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Fig. 86. Variation in Height of Mean Monthly Sea-level at Kagoshima, 
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before and after the Sakura-jima Eruption of 1914. 
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Fig. 37. Variation in the Maximum High-Water Level at Kagoshima during the 
Successive Months, before and after the Sakura-jima Eruption of 1914. 
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than that for the corresponding epoch in 1910-1912; the difference 
having, however, practically disappeared in the course of the 
further 8 months, namely, in and after April, 1914. That the 
eruption was followed by the depression of the ground, which was 
the real cause of the apparent sea-level elevation, will be seen from 
Chapter VII. 

The restoration of the depressed level of the volcanic district 
to the original height may be followed by an elevation, as the 
result of the revival of the subterranean tension which would 
assert an upward pressure to the ground from below. In other 
words, the island of Sakura-jima and the neighbouring region may 
be supposed to execute a long-period oscillation in level change 
which follows the variation in the magnitude of the volcanic effort, 
an eruption taking place at the culmination of the elevation 
phenomenon. In fact, at Kagoshima and along the northern coast 
of the bay, the sea-water surface seems to have suffered a con- 
tinual depression for half a century or so previous to the recent 
outbreak of Sakura-jima. Thus, 50 or 60 years ago at Hamano- 
ichi (#2 ii), near Kokbu, the spring tide used to flood the low 
ground as far as the main road of the town, about 200 metres 
from the recent beach line. This, however, gradually ceased to 
be the case, the sea-level having since apparently been lowered, 
especially to a striking amount during a few years preceding the 
great outburst of Sakura-jima in 1914, such that the traffic in the 
small square harbour, about 250 m in extension, and almost dried 
up, had recently to be carried on with wagons instead of boats. 
Again, according to the account of Professor Tamari and others, 
the sea water had used to run up the rivers Inari-gawa (flowing 
through the northern part of the city of Kagoshima), Biu-gawa 
(Gl AF NI, near Shigetomi), and Shikine-gawa (near Shikine) 50 or 60 
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years ago through much greater distance than lately. All these 
facts evidently indicate an apparent recession of the sea-level, or 
the real elevation of the ground, which had began at the middle 
of the 19th century or at an earlier date, and became much _pro- 
nounced immediately before the recent eruption. After the latter 
event, the sea-level have again been elevated. 

The eruption of Jan. 12th, 1914, began at about 10 a.m., 
while the strong earthquake shock took place at 6.30 p.m. on the 
same day, the small “tsunami,” or tidal waves, which occurred 
about 1 hour later on having probably been caused by the 
depression of the bottom ground. This might possibly mark the 
commencement of the phenomenon of the apparent sea-level 
elevation under consideration. 

51. On future course of depression. AS will be seen from §§ 45 
and 46, the amount of the apparent sea-level elevation, or the 
depression of the ground, reached the maximum limit at the end 
of 1914. Its subsequent rate of decrease, namely, the reduction 
in the amount of the “sea-level elevation” with the increase of 
the time (v), may probably be assumed to be one of rectangular 
hyperbola, as is the case with the frequency variation of the after- 
shocks of a great earthquake, both relating to the recovery or 
settlement to the ordinary condition of equilibrium of a portion of 
the disturbed earth’s crust. Making calculations from the mean 
values for the interval of Feb. 1915 to Jan. (1916, given at the 


end of § 46, we obtain the equation 
y (w-+23.04) —49.45=—0, 


in which y is expressed in shaku, and « in months, whose origin 
of reckoning (=o) corresponds to February 1915. According to 
the above relation, the value of y would be reduced to 0.5 shaku 
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(=15 em) in =76 months, and to 0.1 shaku (=38 em) in e=472 
months, that is to say, respectively about 7 and 40 years after 
the commencement of the eruption in Jan. 1914. These estimations, 
though very roughly approximate, seem to indicate that the depres- 
sion of the relative sea-level, or the elevation of the ground, to the 
position just before the eruption would take yet several dozens of 


years, a conclusion well in accord with what has been stated in 
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Fig. 39. Gradual Reduction sinceZthe commencement of 1915 in the Height of the Elevated 
Mean Sea-level at Kagoshima. 


(1 shaku=30.3 cm=1 foot very nearly) 
the preceding §. In Fig. 39, the broken line relates to the actual 
mean increase of the sea-level height, while the dotted curve has 
been drawn according to the empirical equation above obtained. 
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TABLE XXIX. HIGHEST SHA-WATER LEVEL IN KAGOSHIMA HARBOUR 
BEFORE AND AFTER THE SAKURA-JIMA ERUPTION OF 1914. 


ee Year. Before the Eruption. pe 
|__| Difference. 
Month. 1903. 1904. 1905. Mean. || 1914-16. 
1903-5 1914 
shaku. shaku. shaku. shaku. shaku. shaku. 

I 112 9.8 10.4 10.5 — Be 
il 11.0 10.3 10.3 10.5 10.8 0.3 
I 10.1 10.7 10.5 10.4 12.2 1.8 
IV 10.0 10.2 10.6 10.3 11.8 1.5 
Ne 10.0 9.7 39 ‘IS 1.6 
Va 10.6 10.5 10.6 chie’g 11 
VII 10.7 10.8 10.8 12.1 13 
VII 10.6 11.0 : 10.8 13.5 als 
ie 11.1 11.3 11,2 12% 1.5 
oe 10.7 11.3 11.0 12.9 19 
XI 10.3 10.2 10.3 122 1.9 
XI 9.7 9.9 9.8 11.3 15 

1903-5 1915 
I 10.5 11.3 0.8 
II 10.5 oa 1.6 
III 104 11.8 14 
VI 10.3 12.0 Ly 
Vv : 9.9 11.8 1.9 
VI 10.6 122 1.6 
VIL 10.8 12g 1.3 
VULI 10.8 12.7 1.9 
IX 11.2 134 1.9 
x 11.0 12.5 1.5 
XI 103° + 12.5 2.2 
Xi ; 9.8 11.6 1.8 

1903-5 1916 
I 10.5 114 0.9 
II 10.5 
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TABLE XXX. MEAN MONTHLY HEIGHT OF SEA-LEVEL IN HARBOUR OF . 
KAGOSHIMA BEFORE AND AFTER THE SAKURA-JIMA 


ERUPTION OF 1914.* 


Month. 


La] 


II 


* Figures within brackets are only roughly approximate. 


Year. 


Before the Eruption. fore pinnae 
1903. 1904, 1905. Means d(tiniae. eet a ag 
1903-5 1914 
shakeu. shaku. shaku. shalku. shaku. shaku. 
5.81 4,85 aro) 5.29 — — 
— 5.04 4.98 5.01 6.43 1.42 
5.36 5.38 5.10 5.28 6.68 1.40 
5.15 5.26 ays 5.24 6.54 1.30 
5.24 5.22 5,23 (6.69) (1.46) 
5.54 5.66 5.60 (6.99) (1.89) 
5.85 6.04 DOD (7.17) (1.22) 
5.78 6.29 6.04 (7.71) (1.67) 
5.93 6.29 6.11 (8.11) (2.00) 
5.93 5.95 5.94 (8.10) (2.16) 
5.35 5.35 5,35 (8.35) (3.00) 
5.12 5.13 5.13 (8.10) (2.97) 
1903-5 1915 
5.29 (8.06) (2.77) 
5.01 7.26 2.95 
5.28 7.26 1.98 
5.24 7.07 1.83 
5.23 7.04 1.81 
5.60 7.39 Hef) 
Doo 7.49 1.54 
6.04 C6 1.72 
6.11 7.69 1.58 
5.94 7.54 1.60 
5.30 7.34 1.99 
5.13 6.82 1.69 
1903-5 1916 
5.29 6.65 | 1.36 
5.01 
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TABLE XXXI. MEAN MONTHLY HIGH-TIDE LEVEL IN HARBOUR OF 
KAGOSHIMA BEFORE AND AFTER THE SAKURA-JIMA 
ERUPTION OF 1914.* 


ae Year. Before the Eruption. After the 


ee Eruption. ; 
— | Ce i Oremiaem 


Month. sed 1903. 1904. 1905. Mean. || 1914-16. 


1903-5 1914 


shaku. shaku. shaku. shaku. shaku. shaku. 
I 9.29 8.33 8.70 8.77 aa me 
IL = 8.48 8.40 8.44 (9.85) 141 
III 8.68 8.78 8.42 8.63 10.08 1.45 
IV 8.45 8.58 8.57 8.53 9.92 1.39 
Vv 8.57 8.63 8.60 (9.82) (1.22) 
VI 8.98 9.06 9.02 (10.20) (1.18) 
VIL 9.26 9.40 9.33 (10.37) (1.04) 
VOI 9.08 9.58 " 9.33 (10.85) (1.52) 
1x 9.15 9.61 9.38 (11.00) (1.62) 
x 9.14 9.30 9.22 (10.77) (1.55) 
XI 8.67 8.78 8.73 (10.49) (1.76) 
xaT 8.60 8.62 8.61 (9.80) (1.19) 
1903-5 1915 
I 8.77 (10.25) (1.48) 
II 8.44 10.41 1.97 
I 8.63 10.55 1.92 
IV 8.53 10.54 2.01 
Vv 8.60 10.46 1.86 
VI 9.02 10.80 1.78 
VII 933-0 4007 1.44 
VIII 9.33 11.07 1.74 
IX 9.38 11.01 1.63 
ne | 9.22 10.78 1.56 
XI 8.73 10.63 1.90 
XII 8.61 10.07 1.46 
1903-5 1916 

I 8.77 10.08 1.31 
Il 8.44 


* Figures within brackets are only roughly approximate. 
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TABLE XXXII. MEAN MONTHLY BAROMETRIC PRESSURE AT 
KAGOSHIMA. (Reduced to 0°C.) 1903-5; 1914. 


a 1903. 1904 1905 

I 755.7 757.8 753.4 
II 756.7 755.6 753.9 
ran 752.4 752.6 754.0 
IV 752.2 753.0 751.6 
Vv 751.2 749.5 750.9 
VI 746.5 748.5 746.1 
va 747.6 747.1 747.7 
VOI 750.3 746.9 747.7 
IX 750.1 749.0 751.4 
en) 751.9 752.7 753.2 
XI 755.3 755.6 756.0 
XII 756.2 756.6 755.3 
Mean. 752.2 752.1 751.8 


TABLE XXXIII. 


Mean. 


755.6 
755.4 
753.0 
752.3 
750.4 
747.5 


747.4. 
748.6 
749.6 
752.3 
755.5 
756.4 


752.2 


MEAN MONTHLY AIR TEMPERATURE AT 
KAGOSHIMA. 1903-5; 1914. 
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CHAPTER VII. LEVEL CHANGE AND HORIZONTAL 
DISPLACEMENT OF THE GROUND CAUSED BY 
THE SAKURA-JIMA ERUPTION OF 1914. 


52. Precise leveling. The first Military Survey precise leveling 
in the S.W. part of Kyushu, from the tide gauge station of 
Hososhima (province of Hyuga) to the cities of Kagoshima (pro- 
vince of Satsuma) and Sashiki (province of Higo) were carried on 
20 to 22 years before the recent Sakura-jima outburst, namely, 
between Dec. 1891 and Jan. 1895, and was supplemented with 
the measurements at the N.W. coast of Kagoshima Bay in 1900. 
After the eruption, to investigate the phenomenon of the apparent 
elevation of the sea-level which became manifest in March (1914), 
the Imperial Earthquake Investigation Committee requested the 
Military Survey to make a new determination of the heights of 
the different bench-marks about Kagoshima Bay. This was readily 
responded to in a very complete manner, and the re-examination 
of the levelings was executed in 1914-15, in the following 
order :— 

(i) July and August, 1914. <A distance of about 22 km from 
Ijuin (B.M. 2457) at the middle of the Satsuma peninsula to the 
city of Kagoshima (B.M. 2468); then a distance of about 104 km 
along the coast of the N. part of Kagoshima Bay (B.M. 2468 to 
B.M. 2794, and thence to B.M. 2519). | 

(ii). Dec.1914 to Jan.1915. From-the N.E. corner of 
Kagoshima Bay (B.M. 2794) along the total distance of 157 km, 
through the city of Miyasaki-up to the tide gauge station of 
Hososhima, in the province of Hyuga. 

(iii) Feb. 1915. Again, through the distance of 49 km from 
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the city of Kagoshima (B.M. 2468) along the coast to the N.E. 
corner of the bay (B.M. 2794). 

(iv) Feb. to May, 1915. From Jjuin (B.M. 2457) along the 
N.W, coast of the peninsula of Satsuma, through a length of about 
83 km, to Sashiki, in the province of Higo (B.M. 2865). 

According to the first leveling survey, in which the B.M. 
2457, at the town of Ijuin in the middle of the Satsuma peninsula, 
was assumed to have suffered no height alteration, the B.M. 2469, 
in the city of Kagoshima, was found to have been depressed 
0.24m. The tide gauge reading at the. Kagoshima harbour, how- 
ever, indicated already in March-April 1914 an apparent increase 
in the height of sea-level of 0.4 metre over that in the cor- 
responding months in 1903-1905, or about 0.16 m greater than 
the amount of the depression of the ground above mentioned. Hence 
the Ijuin B.M. 2457 could not be regarded as a steady point, and 
the 2nd leveling measurement was resumed in Dec. 1914 and Jan. 
1915, connecting Kagoshima Bay with the tide gauge station of 
Hososhima far up on the E. coast of Kyushu. As the result of 
this extensive survey referred to the old measurements in Dec. 
1894 and Jan. 1895, it was established that, in July and August, 
1914, the depression of the Ijuin B.M. 2457 itself amounted to 
0.165 m, and consequently the depression of the B.M. 2469 in the 
Kagoshima city to 0.407 m. The 4th series of leveling obser- 
vations connected Ijuin with Sashiki on the W. coast of the 
province of Higo. The results of the 1st, 2nd, and 8rd surveys 
are given in Tables XXXVIII and XL. 

53. Works done by Government Kyushu Railways. At the present 
author’s request, Mr. H. Nagao, Director of the Kyushu Imperial 
Government Railways, also instituted the re-examination of the 


heights of the different bench-marks set up along the railway 
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lines about Kagoshima Bay; the surveys having been carried on 
between April 4th and May 15th, 1915, for a length of 41 miles 
on the main line from Yoshimatsu to Kagoshima, and of 19 miles 
from the latter city to the Yunomoto station on the Sendai line. 
The dates of the previous leveling measurements, with which the 


results of the new determinations have been compared, are as 


follows :— 
Yoshimatsu-Kokbu Section........ July 1899 to May 1900. 
Kokbu-Kagoshima A ah eee Sept. 1897. to May 1898. 
Kagoshima-Yunomoto ,,  ........ July 1912 to July 1913. 


The new levelings of the bench-marks along the length of 6 
miles between Yoshimatsu and the next southward station of 
Kurino indicated only a height difference under $ inch (=14 cm) 
when compared to the results of those made in 1911, which 
amount may be regarded to be within the error of the survey. 
Consequently the station of Yoshimatsu may be regarded to have 
been practically unchanged in height before and after the recent 
eruption of Sakura-jima. 

Tt will be observed that the Kyushu Government Railways’ 
survey between Kokbu and Yoshimatsu supplements the works 
of the Military Survey for a length of about 27 miles northwards 
from the north coast of Kagoshima Bay. As will be seen from 
the following table, which gives the amount of the depression 
of the different railway stations within the region under con- 
sideration and the neighbouring bench-marks, the results obtained 
by the Kyushu Goy. Railways, though probably inferior in accuracy 
to those of the Military Survey, are fairly trustworthy. The 


graphical illustrations are given in fig. 45. 


The Sakura-jima Eruptions and Varthquakes, I, 155 


TABLE XXXIV, HHIGHT CHANGES ALONG KYUSHU 
RAILWAY LINES, 


Amount of Depression*® acnord- 
ing to Leveling Survey of 


Railway 


Line. 


Benchi-Mark or Station. 


. Kyushu Gov, 8, Mil, Survey, 


) 
Mil. Survey B.M., 2481 | | — 577" 
Kajiki Station. — 600 | 
Mil. Surv. B.M., 2480 | ~ 565 | —560 
2 2479 6K «ik so 
; 2477 | 630 | —608 
Shigetomi Station. 1 hg ON os 
Mil. Surv. B.M., 2476 i716 | ~T03 
i 2475 Pays | —T776 
:. DATA | —852 | —894 
‘. 2473 | —745 | —770 
be 2472 | —649 | —658 
, 2471 |” —496 | 527 
‘i 2470 | —402 | —~44G 
Kagoshima Station. | —2853 ag 
Mil. Surv. B.M., 2469 | eer - | ~07 
Take Station. | 93 | a 
Manjuishi Station. MO Aa pee 
Jjuin Station. | + 9 | — 
Kyushu Gov. Railways B.M., 29 — 8 | — 
Mil. Surv. B.M., 2456 | — 49 | —126 
5: IA55 — 55 —150 


* —, when depressed; +, when elevated. 


54. Discrepancy between amounts of ground depression and apparent sea- 
level elevation. According to the leveling measurements of the Mil. 
Survey, the depression since Feb. 1892 of the B.M. 2469 on the 
strand street of Kagoshima amounted to 0.407 metre in J uly 
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1914, which was increased to 0.411 metre in Feb. 1915. Accord- 
ing to the tide gauge observations, however, the mean sea-level in 
the latter month was 2.25 shaku, or 0.682 metre, higher than in 
the corresponding month in 1903-1905. (See §46.) Similarly, 
the apparent elevation of the mean sea-level during the four 
subsequent months, March to June, 1915, was 0.185 shaku, or 
0.561 metre. Again, the height increase of the spring-tide flood 
level in March to December, 1914, varied mostly from 1.5 shaku 
—(.455 metre to 2.9 shaku =0.85 metre (§45), with the 
average of 1.68 shaku or 0.51 metre, which may be regarded as 
approximately representing the amount of increase in the height 
of mean sea-level for the two middle months of the year, namely, 
July and August, 1914. It thus seems that the height increase of 

the mean sea-level, which, 


BM 2467 . 
| ee ee Ground level in 1903-4. of course, might have 
been influenced by various 
Di ee Ground level in 1892. circumstances, Was some 
0.15 metre greater than 
the amount of the depres- 
Ur __..-.- Actual ground level sion of the ground brought 


(after Eruption). : 
out by the leveling survey. 


Sea-level. 


As, however, the tide range 


after the eruption was 
identical with that before 
it (§ 45), there is to be 


Fig. 40. Diagram illustrating the relation of ' a ‘alere 
the heights of sea-level at Kagoshima after and assumed NO” Special eT: 
se aa before the eruption of 1914 to that cularity of the tidal motion 


in the bay, which might 
produce such an elevation of sea surface over the amount due to 


the depression of the ground. On the contrary I believe the 
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apparent elevation of the sea-level to be entirely due to the 
depression of the ground, the discrepancy in the results of the 
two measuring processes being caused by the gradual elevation of 
the ground level for several years preceding the recent eruption. 
Thus, the ground surface (B.M. 2469), which was in the level II 
(fig. 40) in 1892, occupied an elevated position I in 1903-4, but 
was lowered to the position III after the recent eruption. If d be 
the clevation of the ground since 1892, and @ be the depression of 
the ground after the eruption compared to the position in the 
same year, and if 7 and ” be the tide gauge reading respectively 
after the eruption and in 1903-4, we have :-— 


r,- 7, =d,+d, 


In other words, the apparent elevation of sea-level (="2—7), is 
greater than the depression of the ground (=d,) referred to 1892; 
the difference between these two, namely, @,, denoting the amount 
of the elevation of the ground between 1892 and 1903-4. (See 
also § 49.) In the following table, the means of the daily highest 
and lowest tide levels during the 31 days, from May 12th to 
June 12th, in 1909, when the tide gauge readings were made for 
some special purpose, are compared with those in 1903 and 1904. 
It follows that the apparent May-June sea-level in 1909 was about 
0.2 shaku =0.06 metre lower than that in 1903-4, tending to 


indicate that the ground was being elevated before the erup- 
tion. 
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TABLE XXXV. MEAN DAILY HEIGHT OF SEA-LEVEL 
AT KAGOSHIMA. 


May-June, in 1903-4 and 1909. 


1903. | 1904. | 1909. 1903. | 1904. | 1909. 

aon one ey May 28 - shaku a shaku 

5.5 5.3 5.6 29 5.0 5.3 5.2 

14 5.3 5.0 5.5 30 5.0 5.3 5.4 

15 5.2 5.0 5.7 31 5 5.2 4.9 
16 5.1 4.9 6.1 June . 1 5.2 5.1 5.0 

17 51 5.0 5.5 2 56 1) 5.3 4.8 

18 54 48 54 3 58. | eS 4.8 

19 54 4.9 54 4 5.8 5.8 4.9 
20 5.5 52. 5.0 5 + 5S 6.0 4.9 - 

oe elt 5.7 5.4 4.8 6 5.3 635) oes 

22, 5.6 5A 47 7 5.3 6.4 4.8 

23 5.4 5.6 4.7 8 51 |. 64 5.0 

24 5.3 5.7 4.8 9 5.1 58 Bl 

25 5.0 5.5 5.2 m0 5A 5.6 5.2 

26 5.0 BS 55 i TY "8.0 168 53 

OT 4.9 5A 5.5 Fag, 5.0 5.7 59 
Suan PU aoeias Me Me ES he el 
Meanie i iace tes 5.37 5.18 


55. Depression of ground about Sakura-jima. In fig. 42, which em- 
bodies all the results of the leveling surveys made by the Military 
Survey contained in Table XL as well as those of the Kyushu 
Gov. Railways for the Yoshimatsu-Kokbu section, the curves of 
depression of 50, 100, 300, and 500 mm, have been drawn by 
interpolations. In the first place, it will be noticed that for a 
time interval of 21 years between 1894 and 1915 there was no 
change, or there has been a slight depression of the ground less than 
50 mm, for a length of about 135 km from the tide gauge station 


of Hososhima on the coast of Hyuga till within the N.E. boundary 
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of the province of Osumi, at a distance of only about 15 km from 
the N.E. coast of Kagoshima Bay. On the contrary, to the N.W. 
of Sakura-jima there have been depressions of the ground to the 
amount of about 100 mm along the N.W. coast of Satsuma, 
and continued to the town of Sashiki, in the province of Higo, 
where the leveling re-examination ended; it being likely that the 
depression extends further some distance to the sea bottom area to 
the west of Kyushu. The entire amount of the depression in the 
last mentioned region may not be due directly to the recent 
eruption of Sakura-jima. 

The two depression lines of 300 and 500mm run close 
to the coast of the N. portion of Kagoshima Bay, having a com- 
paratively greater landward extension in the N. and W. direc- 
tions. These two curves have more or less definitely two axes of 
symmetry in the directions respectively of E.-W. and N.N.E.-8.8.W. 
The point of their intersection, which may be regarded as in- 
dicating the position of the locality of the greatest depression of 
the ground, is under the sea to thé N. of Sakura-jima, off the 
coast of Shirahama. | 

The dimensions of the different lines of equal depression are 
as follows :— 


500 mm Curve: Min. Diameter=13} km; Max. Diameter=20 km. 


300 » : Min. Diameter=19 km; Max. Diameter=25 km. 
100 » : Min. Radius=14km; Max. Radius=32 km. 
50 ae eve Radius =17 km. 


Again, the areas enclosed within the different lines of equal 
depression areas follows :— 
Area within the 500mm Curyve=477 sq. km. 


Area between the 500 and 800 mm Curves=236 sq. km. 
¥ 33 » 300 and-100mm ,, =2610 ,, (appre.). 
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The total area enclosed by the 100 mm curve is about 3370 sq. 
km. The form of the deformed earth surface along the E.-W. 
diameter will be approximately as is illustrated in fig. 41, in which 
the maximum amount of the depression is assumed to be at least 
3 metres, this supposition being probable enough according to 
what has been stated in §58. The approximate volumes of 


depression are as follows :— 


Depression Volume within the 500mm Curve............ 0.64 c. km. 
es rp between the 500 and 300 mm Curves....0.11 _,, 
a : = 4, 000 and. 100. mm; 5) eee ee 


The depth of the depression considered above, which is based 


Ware 


Fig. 41. Level Change caused by Sakura-jima Eruption of 1914: Section representing 
the amount of Depression of the ground in an E,W. direction at varying radial distances 
(R) from the centre. Depression is measured downwards along the axis oz. 
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simply on the results of the leveling surveys, must be increased 
by about 0.15 metre (§ 54), at least for the 500 mm curve, to 
bring the estimation up to the condition immediately previous to 
the eruption of 1914. This gives 0.82 c. km for the total depression 
volume within the 300 mm curve, and 1.35 c. km for that within 
the 100 mm curve. As a portion of the depression between the 
300 and 100 mm curves may be supposed to be also the effect of 
the eruption, we may take 1 c. km, in round number, for the 
approximate total depression volume due to the latter. This is 
within a quite reasonable limit, being a little less than half of the 
ageregate volume, =2.2 c. km, of the lava outflows and the 
pumice and ash ejection in the recent eruption. 

The position of the point of the maximum depression, which 
lies under the sea to the north of Sakura-jima, probably coincides 
with that of the principal centre of the underground lava reser- 
voir. The latter, as a whole, may extend under the area including 
the northern part of Kagoshima Bay and the surrounding tract, 
where the depression of the ground has been more or less marked, 
or an irregular circle about 45 km in diameter. It is likely that the 
particular portion of the lava reservoir, which supplies magma to 
the two active voleanoes of Sakura-jima and Kirishima, are situated 
not necessarily under these volcanoes themselves, but rather at the 
region midway between them, which thus ought to be a place 
specially sensitive to the subsidence. The existence of the lake 
of Toya behind Usu, of the lake of Shikotsu behind Tarumai, 
(both in Hokkaido), and of the lake of Ikeda behind Kaimon 
(Satsuma) seem to be the result of some analogous relation of the 
position of the lava reservoir and the actual eruptive vent. 

56. On the limit of subsidence. For the sake of reference, let us 


see first what took place, in connection with the subject of the 
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subsidence, on the occasion of the several recent outbursts of 
Oshima (Izu) and Asama. In the case of the latter volcano, 
the molten lava mass at the bottom of the crater, whose previous 
depth was 120 m, was gradually elevated through a vertical dis- 
tance of ‘about 100 m, until at the end of 1911, when the eruptive 
action reached its climax, it was almost on the point of flowing 
out and running down the mountain slope. Since then, in 
consequence of the decline of the volcanic activity, the crater 
bottom began to be depressed, so that at the present time it is at 
a depth of some 80 m. Again, in the Oshima eruptions of 
March-April and Sept.—October, 1912, the lavas which flowed out 
at the crater bottom, accumulated to heights respectively of 33 
and 63 m above the original plane of the latter. After the end of 
these eruptive epochs, however, remarkable subsidences took place, 
whereby the central portion of the lava area fell down through 
the vertical distances of 30 to 60 m, leaving behind terraces along 
the inner base of the crater wall. From examples like these, it 
seems natural that a settlement of the Sakura-jima district should 
follow the exceptionally abundant recent outflow of lava and emission 
of ash and pumice, whose aggregate amount is equal to 1/12th of the 
total volume of the island, and which, if distributed uniformly over 
the whole area of the latter, would have a thickness of about 31 m. 
Even supposing the extension of the lava reservoir to be great, it 
seems inevitable that there should be formed a vacant cavity under- 
neath, or, at the least, a space filled with comparatively loose rocky 
material, such that the volcanic region in question would form vir- 
tually a sort of a rocky arch or bridge over the inside magma; its 
vertical deflection, which constitutes the subsidence phenomenon, 
reaching a certain limiting amount, after which a recovery ought to 


take place, provided the volcanic force happen again to be augmented. 
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Fig. 43. Map showing the Depression and Elevation of the Ground 
produced in Sakura-jima and Vicinity after the Eruption of 1914. 


(Based on the precise levelings and triangulations carried on by the Military Survey.) 
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The closed curve covering the central and greater portion of Sakura-jima marks the 
boundary of the elevation area. 
The other curves are the depression lines of 2 and 1 metres. 
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57. Triangulation: horizontal displacement. The triangulation surveys 
in 1898 ‘and in 1914 (see § 58) also revealed remarkable effects of the 
recent eruption in the production of the considerable horizontal dis- 
placements of the different trigonometrical points in Sakura-jima 
and along the coast of Kagoshima Bay. As will be observed from 
Table XXXVI and the map (fig. 44), the displacements at the three 
places of Atago-yama, Gohonmatsu, and Hatane, in the S.W. part 
of Sakura-jima, were 2.04 to 3.62 m, and directed towards the south 
or 8. slightly W. On the contrary, at the three places of Hakama- 
goshi, Isodaira, and Kamano, at the W. and N. parts of the island, 
the displacements, which varied from 1.08 to 4.52 m (absolute 
maximum), were directed toward the N. approximately or toward 
the N.E. Thus the N. and S. portions of Sakura-jima have after 
the recent eruption been displaced outwards in contrary directions, 
and it appears that the disturbance, whether horizontal or vertical, 
probably attained the maximum intensity along an axis AA situated 
between the two series of stations at distances reciprocally pro- 
portional to the amount of the displacement at the latter. This 
zone, So far as is indicated in the map, practically coincides with 
the western half of the “fissure line’ of the present eruption 
(the line II II, in fig. 2), suggesting the following process in the 
topographical change: (i), previous to the eruption, the upheaval 
was most marked along the zone AA and its eastern pro- 
longation, the different points on the N. and S. portions of the 
island being pulled inwards or centrally; (ii), at the outbreak, 
causing the formation of several craterlets and “eruptive cracks,” 
the stress along the zone AA was partially relieved, and the dif- 
ferent places on both sides of the latter rebounded back outwards ; 
and, (iii), the subsequent partial settling down of the mountain mass, 
and the formation of the principal centre of maximum depression 
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to the N., and of a secondary centre to the 8.W., of Sakura-jima, 
have augmented the above-supposed outward motion and resulted 
in the formation of the horizontal displacement in question. 

Along the coast of Osumi, to the S.E. of Sakura-jima, the 
displacement was slight and less than 0.34 m. On the other hand, 
the displacements at different places along the N.W. coast of the 
bay, from Kagoshima to Kajiki, were much larger, varying from 
0.53 to 0.95 m. These, as well as the large displacements at the 
W. and N. parts of Sakura-jima, converge more or less toward an 
elliptical area BB, which may be taken as roughly indicating the 
area of the greatest depression. A secondary area of depression 
seems to exist to the 8.W. of Sakura-jima. The position of the 
area BB is fairly in harmony with fig. 42, which indicates the 
results deduced from the precise levelings. 

To sum up:—Sakura-jima and the neighbouring districts 
underwent after the eruption a general depression from the up- 
heaved level attained before the outburst, in such a way that the 
inner area of the island did not fully regain its original height, 
but retained a certain amount of the elevation (when compared 
to the state in 1898), separating the two centres of depression on 
the N. and 8. sides. 

58. Triangulation: height difference. ‘The alterations in height in 
Sakura-jima itself, where there is no bench-mark net, can not be 
ascertained by the method of precise leveling. Much light has, how- 
ever, been thrown on the vertical as well as horizontal displacements 
in the principal area concerned from the measurements carried on by 
the Military Survey in. Oct.Dec., 1914, which relates to the 1, 15, 
21, and 1 trigonometrical points respectively of the 1st, 2nd, 3rd, 
and 4th orders, in the island of Sakura-jima and the neighbouring 


coast districts. The height differences between the new determina- 


Pl. XXXII. 


Fig. 44. Map showing the Results of the Triangulations carried on by the Military 
Survey: Horizontal Displacements of the different Trigonometrical Points 
in and about Sakura-jima, due to the Eruption of 1914. — 
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tions and the old ones, made in 1898, are given in Table XXXIX. 
Amongst the others, the height differences suffered by the 7 


third-order trigonometrical points in Sakura-jima are as follows. 


TABLE XXXVI HEIGHT CHANGE AND HORIZONTAL DISPLACEMENT 
OF TRIGONOMETRICAL POINTS IN SAKURA-JIMA DUE 
TO THE ERUPTION OF 1914. 


SSS 


Height Horizontal 
: , - : Height * || Displacement. 
Trigonometrical Point. Locality. paw Giese) Diberence | (econnt aces 

in 1898. | in 1914. Direction.) 

metre. metre. metre. metre. 
Hakamagoshi (#8  [) Hakamagoshi. OT, 71.65 —0.32 108 New 
Atago-Yama (#371) | W. part of Island. 167.05 | 166.16 —0.89 2.04 S23°W 
Gohonmatsu (FLAKE) aie Island, | 939.83 | 230.03 | -—0.80 || 362 s14°w 
S. part of Island, 7 : 

Hatane (Ht #2) ears 167.76 | 166.95 | -—081 || 3.07 SW 
Teodaira (ES) So Sea tee wend, | 5148] 49.77] 171 || 262 Nes°E 
Sono-Yama (1) ee cara” 73.90| 7740} -150 | — = 
Kamano (HE REF) N.W. part of Island. | 374.2£ | 374.38 +0.14 4.52 N6°E 


(*) —, when depressed; +, when elevated. 


All of the trigonometrical points (stone marks) in question were 
not injured by the volcanic eruption, but found intact under 
cover of pumice and ash, whose thickness reached the maximum 
amount of 1.4 m at Kamano. The trigonometrical points on the 
summits of the Minami-dake and Kita-dake were unfortunately 
destroyed during the outburst, their sites having been broken off 
by the strong earthquake shocks. 

The topographical surveys have also brought to light marked 
height differences of some hill tops and capes in Sakura-jima and 
several neighbouring islets, as indicated in Table XXXIX. 

According to Table XXX VII, the Oko-jima station (5), is a new 
8rd class trigonometrical point set up close to the old one destroyed 
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TABLE XXXVIIL HEIGHT CHANGE OF SUBORDINATE SURVEY STATIONS 
IN SAKURA-JIMA BEFORE AND AFTER THE ERUPTION of 1914. 


errr ———————————— 


ee Here Height 
reed m 1898. |) in 1914.3) DMtCoe 
metre, metre, metre. 
(1) Top of Hikinohira (§|2Z7*) 553 562.7 + 97 
(2) 4, ,, Gongen-Yama, near Nabe-yama.{ 340 350.4 +10.4¢ 
(3) Top of Nakano-shima (tf ) &). 6.6 3.9 — 27 
(4) 5, » Moe-jima (HAE). 44. 43.2 — 08 
(5) Flat top of Oko-jima, off the 8.W. coast of Island. 40.2 38.7 — 15 
(6) Moe-zaki promontory, S.W. part of Island. dg AT - 19 
(7) Kwannon-zaki promontory, §.W. part of Island. 79 76.8 — 22 - 


* (3) and (5) are new trigonometrical points whose sites are slightly different from the 
former ones. t Including the accumulation of pumice and ash. See the text. 


by accident some time previously. As the site, however, is the 
flat top of the islet,” the height difference between the two points 
must be slight, and the discrepancy of 1.5 metres between the new 
and old height measurements may be regarded as approximately 
representing the amount of the depression of the ground. Again, 
the position of the new Nakano-shima station (3), is slightly different 
from the former one, but like the latter refers to the highest point 
in the islet; the difference of 2.7 m between the old and new 
heights may therefore denote also the approximate amount of the 
depression. The stations of Moe-jima (4), Moe-zaki (6), and 
Kwannon-zaki (7), are not trigonometrical points, but are the 
highest sites in the localities concerned, where the precipitation of 
ashes on the occasion of the recent eruption was from a few inches 
up to about 1 foot; the amounts of the depression at these three 
places are consequently to be regarded as being roughly accurate. 


(1) Used as a battery ground by Prince Shimazu, daimyo of Satsuma, in the engagement 
with the British fleet in 1863. 
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The measurements on the Hikinohira (1) and Gongen-yama (2), 
which relate also not to trigonometrical points, but to the summits 
of the respective hills, indicate each an apparent height increase of 
about 10 metres. For these stations, sufficiently near to the 
craterlets, it is of course necessary to take into consideration the 
amount of the precipitation of ash and pumice. Now, on the 
N. flank of Nabe-yama and at the base of Gongen-yama opposite 
the latter, the accumulation of the volcanic ejecta, chiefly pumice, 
was about 8 metres in thickness, being probably greater than 
that on the top of Gongen-yama itself, which stands northwards 
and a little out of the way of the main course of the zone of 
ash-precipitation. Making a due allowance in this connection, the 
summit of the last-named hill seems to have been elevated 
at least some 74 metres. As regards Hikinohira, it is true 
that the hill is quite near to No.1 craterlet on the W., or Yoko- 
yama, side. But the total amount of the ash and pumice emitted 
from the craterlets on this side must be much smaller than that 
given out from the craterlets on the E. or Nabe-yama, side, 
and I am inclined to believe the accumulation on the top of 
Hikinohira to be a few metres. From this it follows that the hill 
in question must have been elevated also at least a few metres. 
The errors in the height measurements of the trigonometrical 
points given in Table XXXVI are believed to be less than 0.1 
metre. Those in the topographical measurements given in Table 
XXXVII may be much larger, but probably under 1 metre. On 
the whole, the results contained in these two tables are mutually 
consistent. Thus the depression in the N. and N.E. parts of 
Sakura-jima are 1.50 to 1.71 metres, while that of the Anei islets 
of Moe-jima and Nakano-shima are 0.8 to 2.7 metres. Again, the 
depression at the S. and W. parts of the island was about 0.8 or 
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0.9 metre, while that of the two 8.W. promontories and of Oko- 
jima off these latter was from about 1.5 to 2.2 metres. 

That the districts about the new craterlets, more especially 
the tops of the side cones or domes like Hikinohira and Gongen- 
yama, should suffer an upheaval in consequence of the powerful 
eruption is probable enough, as noted in $57. The trigonometrical 
point on the top of Kamano-yama, 374 m in height, in the N.W. 
part of the island, also indicates a slight upheaval of 0.14 m. As 
is illustrated in fig. 43, in which the curves have been drawn by 
interpolations, there lies a submarine area of the depression greater 
than 2 metres to the N. of Sakura-jima, while the depression | 
lines of 1 and 2 metres cover the S.W. corner of the island and the 
adjacent sea-bottom portion. ‘'The line, along which neither upheaval 
nor depression took place, is an oval, 74 km in diameter which 
runs at an average distance of about 14 km from and inside the 
coast, except at the S.E. part where it touches the latter. Inside and 
along this curve of no height change, which includes Nabe-yama 
and Gongen-yama on the east, and Hikinohira, the 400-metre hill 
(above Akobaru), and Kamano-yama on the west, the ground 
seems to have been more or less upheaved, representing the residual 
effect of the elevation, whose amount had probably been much 
greater just before the volcanic outburst and maximum at the 
immediate neighbourhoods of the new craterlets. On the other 
hand, there is no positive fact indicating an elevation of the central 
peaks or main old craters. 

59. Well-water at Futamata. In connection with the phenomenon 
of the depression of the ground is of interest the difference which 
came to exist in the level of water of four wells in the village of 
Futamata at the N. coast of Sakura-jima, situated about 70 
metres from the beach and about 7 metres in depth. Before the 
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eruption, the wells used to be dried at low tide times, while since 
1915 there is water to a depth of 5 or 6 feet even on such 
occasions. Again, the wells at the village of Saido have still their 
water level some 5 feet higher than that before the eruption. It 
is probable that these wells have a communication with the neigh- 
bouring sea, the apparent elevation of their water level being in 
reality the effect of the depression of the ground. 

60. Comparison of eruption of Sakura-jima with that of Usu. On the oc- 
easion of the Usu eruption in 1910, nearly 50 craterlets were 
formed on the northern flank, the outbursts consisting in the 
explosive emission of ash and rock fragments, attended by no 
exposure or outflow of red hot lava. The eruption was accompanied 
by remarkable disturbances of the ground, which not only produced 
a new mountain elevated to the height of 600 feet above the level 
of the adjacent Lake Toya, but also aftected the whole district about 
the volcano, causing a rise of 0.36 m even at the coast of Voleano 
Bay.* It is likely that the mountain mass including the two old . 
domes of O-Usu and Ko-Usu also acquired some height increase : 
in fact, the level change was mainly a phenomenon of upheaval. 
In the Sakura-jima eruption of 1914, there were formed a great 
number of craterlets, whence issued a vast quantity of ash, pumice, 
and molten lava; followed, at the cessation of the active outbursts, 
by a general depression of the ground of Sakura-jima and adjacent 
districts, to the maximum amount of at least 1.7 m at the northern 
part of the island and of 1m or more at the N. W. coast of 
Kagoshima Bay (§ 58). The opposite manifestations of level change 
in the Usu and Sakura-jima eruptions, which are by no means 
incompatible to each other, are to be regarded as expressing the 
two principal successive phases in the process of an energetic 


* See the Bulletin Vol]. V, Nos. 1 and 3. 
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outburst from a small voleano. Thus, in the case of Usu the 
elevation was probably the result of an application of an up- 
ward pressure from below in consequence of the volcanic effort to 
force up the magma. The long accumulated volcanic force of 
Sakura-jima, however, had probably been causing, for several 
decades of years, a continued upheaval of the neighbouring districts 
(§ 49), until the outflow of lava in the great eruption of 1914 
created a sort of vacant space below the latter and induced the 
settlement of the ground. Both Usu and Sakura-jima, which are 
very small in volume and height, are powerful in volcanic efforts ; 
this being the reason of the occurrence of the remarkable eleva- 


tion or depression accompanying their outbursts. 


TABLE XXXVIII. HEIGHT CHANGE OF BENCH-MARKS BETWEEN 
JULY-AUG., 1914 AND FEB. 1915. 


* Minus, when depressed ; plus, when elevated. 


Bench-Mark. Height in 
=| Dittereneass 
Locality. No. ar rig ae 
[Aira County, Province of Osumi] 
metre metre metre 
Fukuyama, ZH: ew B® we | 2793 | 380.744 | 380.744 -++0.000 
‘ e = mp 4 | 2794 | 337.010 | 337.008 — 0.002 
” ” a ee 2795 254.205 254.195 — 0.010 
; , rh 7 aS 2796 164.267 164.249 | —0.018 
Shikine, Be HLT a ge zk | 2797 88,223 88,205 —0.018 
” Dn Be “= AB 2488 56.847 56.826 — 0.021 
s : * ts 4) 2487 3.002 2.974 ~ 0.028 
Hi. Kokbu. 3 BIT ws me ee | 2486 2,624 2.585 —0.039 
4 _ 7). pa Wy 2485 4,862 4,813 —0.049 
Ni. Kokbu. aR f: 2484 2.939 2.890 —0.049 
» ” SARL 2483 11.610 T5610 —0.049 
” ” Wy 2482 15.434 15,386 —0.048 
Kajiki. myaxaiy Bom 8 GO | 2482 46.258 46,220 —0.038 
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Fig. 45. Bees showing the Height Changes along the Kyushu Railway Line, between 
2 ASS ste and Kagoshima, before and after the Sakure-jima Eruption of 1914. 
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TABLE XXXVIII. (Cont.) 


Bench-Mark. Height in 
Difference. 
Locality. No. ee ae 

Kajiki, meaky ook HH macy | 2480 2.644 2612 0.082 

. ¢ suey | 2479 9.361 9.329 — 0.032 

Chosa. bh ety AGE A 2478 9.694 9.661 — 0.033 

Shigetcomi. =A mm cv ve we | 2477 4.586 4.549 — 0.037 

S .: 3 Fe wy | 2476 11.441 11.401 —0.040 
[Kagoshima County, Province of Satsuma] 

Yoshino. Ope Oy OR Ck | 475 5.244 5.201 — 0.043 

x . s dy mp | 2474 6.198 G.143) je) 7-0,055 

* “3 : 2 2473 5.180 -5.135 —0.045 

- . i iB 2472 11.027 10.984 —0.043 

+4 “é 3 : 2471 9.807 9.780 — 0.027 

- és +5 Fi 2470 7.525 7.512 —0.013 

[Kagoshima City] 
Ogawa-machi. hy Ji} fy 2469 2.340 2.336 — 0.004 
Hirano-machi. 4 §F my 2468 4,360 4.370 +-0.010 


TABLE XXXIX. HEIGHTS OF TRIGONOMETRICAL POINTS OF 2ND, 
38RD, AND 4TH ORDERS IN SAKURA-JIMA AND VICINITY, 
BEFORE AND AFTER THE ERUPTION OF 1914. 


{ Minus, when depressed ; plus, when elevated. 


* Trigonometrical Point set up at a new site near the old one destroyed by the eruption. 


Trigonometrical Point. Height in ae 
Order. Locality. 1898. 1914. ee 
[Sakura-jima and Neighbouring Islets.] I acenis pee sabe 
Ir Hakamagoshi. #5/82 (H&L) | 7197 | 71.65} —0.32 
Fe Atago-yama. 384241] | 167.05 | 166.16 | —0.89 
IV Islet of Kanze. jig 7.10 2.89 E 
II Oko-jima (Off Moe-zaki). ph/J+E5 (PRU MIE) 40.17 | 38.65 * 
. Heta-Kojima. SHV} 124.33 | 123.27 | —1.07 
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TABLE XXXIX. (Cont.) 


Trigonometrical Point. 


Order. 


U 
it 


Locality. 


Nakano-Shima. P25 
Isodaira (near Shirahama). 2E( A Api) 
Take-yama (Maruzuka, near Komen). fl) (FLRR) 
Kamano (above Fujino). #E REF (FR EFHTr) 
Kita-dake (Mitake), or N. Peak. fi) 5; 
Minami-dake, or S. Peak. FgiG 
Inuzuka-yama (Yobinotsuka). 32, F273, KRW 
Gohonmatsu (near Yuno). $527, SHARKS 
Hatane (near Furusato). FFA, tatt 

[Kimotsuki County, Province of Osumi.] 
Sakkabira (Hayasaki), jgjs, 4-5biley 
Nishi-Kawatoko (near Fumoto). 4-#i#§, q+ vy +7 
Yaguragi (near Kaigata). Ygej8, S¢#G7k 
Terasono (near Kaigata). ygja, 3-H 
Takanohira (Ichiki). 7AePii7k, SE 7 AE 
Kamiseko (Ichiki). [al_k, 4_b34 
Takaki (Ichiki). KEK, S-7ERS 
Otonokuchi (Ushine). 4F#l, ABE, KAD O 
Bisago-dake (Ushine). ais, #= Ry 

[Aira County, Province of Osumi.] 

Kawara_(Shimizu-mura). #3 28h fi7kA. AEC) 
Sojinno-oka (Fukuyama). jm, 4-32 (aiz= 
Fukuchi (Fukuyama). [aj_k, jun 
Neko-dake (Kajiki). $nYB7R MY, S-aHi7z 

[Kagoshima County, Province of Satsuma. ] 
Goto (Take). PUR, AST, SAA 
Tempozan (Kagoshima). ER Bib, Key 
Naka-Otsuka. ER EGE P APA, ASH, SPAR 
Tagami (near Takeda). PastHA, ASHE 
Inuseko (Ishiki-mura). fpf, ASK 
Motona (Yoshida-mura). FAR. KoA 


_ Hirakamioka (Yoshida-mura). AAs 7 Th, FEN 


Height in 


1898. 


metre 


6.59 
51.48 
78.87 

374,24 
1132.69 
1069.58 

328.42 

230.83 

167.76 


325.49 
297.33 
568.06 

95.60 
574.80 

83.90 
123.40 
319.82 
885.25 


229.38 
483.71 
563.49 
189.59 


123.35 
. 4.44 
104,15 
126.25 
190.25 
486.50 
552.52 


1914. 
metre 
3.94 
49.77 


77.38 


374.38 
375.34 


1110.23 
1059.75 
122.28 
230.03 
166.95 


324.77 
296.89 
567.77 

95.29 


574.53 | 


83.76 
123.18 
349.43 


884.98 | 


Dif- 
ference. 


metre 
* 


—L71 


* 


+0.14 
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TABLE XXXIX. (Cont.) 
Trigonometrical Point. Height in ae 
ift- 
i ference. 
Order. Locality. 1898. | 1914, 
metre metre metre 
TIT | Furnyashiki (Yoshino-mura). EPR Bee | 162.40 { ar eee 
a Kami-Komegami (Yoshino-mura). 7 Hy, be inp 273.68 | 272.89 —0.79 
: F = a (144.91 (1) ( —0.50 
# Akiyama (Yoshino-mura). ja) LE, SARE 145.41 {143.48 (2) { a 
I Sakamoto (Yoshino-mura). fb Baeeeioie 160.87 | 159.98 a 
(1) Before the re-setting; (2) after the re-setting. 
TABLE XL. HEIGHTS OF BENCH-MARKS BEFORE AND AFTER 
THE ERUPTION OF 1914. 
(The difference is minus, when depressed, and plus. when elevated.) 
* Bench-mark re-set. 
Before After 
Bench-Mark. Eruption. Eruption. g 
A 
. ; os ; S 
: Se fet Sal a 2 
Locality. NOoP eerie 6 8. le a 
BS ige te beet trl 
[Province of Hyuga.] eae. Rabie ld auewhe 
Hososhima. pesbeo tg BY, -- RSART 4 | X, 1894 2.526} 1, 1915 2.526 0.000 
Tomitaka. Pe Sear, HAE & A Aa es 1e6C6 Mees 1.583) —0.023 
x x x - riba ask 4.2) ,, 3.692) ,, 3.690} —0.002 
a a 58 Woes, Hee) | 2718 .. 6.35 2i- esy 6.352) 0.000 
Iwawaki. A: pep, 2S 38, gk fe | 2719 a 3.436]  ,, 3.435} —0.001 
% — “3 ry Gee ye Ie. | DYOAG * 18.558) __,, 18.559) +0.001 
¥ Bs re x, 7 A | 2721 - Gaxoilimeess 6.552) +0.001 
| 
es “s us se, ROK 2722 3 47.592) ,, 47.595' +0.003 
Mimitsu. Usa, xem, He ES, dbaah | 2723 Ye DOA) aes 5.931; +0.002 
Pe p ms a RED AR | 2724 39.763), 35.766) +0.003 
Tsuno. 4 ae, Jil dk, Gm 9725 i 28.454) ,, 28.456) +0.002 
_ a f e, URES 2726 5, 21.484) ,, 21.486) +0.002 
3 t a 4 TEA | 2727 % 36.030) ,, 36.032) +0.002 
" Kf 4 eR 2728 5 29.844) ,, 29.841) —0.003 
Kawanami. 3 JHA. JI FS, «| PAR 2729 3 48.811) ,, 48.799) —0.012 
Rt a BY re i SR | 2730 e 54.841)  ,, 54,838) —0.003 
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Bench-Mark. Eruption, pmuption, g 

=| 

de or oe ee 

Locality. . No.| 28 | @ | #8] & # 

acl og |e" |g 

{Porvince of Hyuga. | ee Be a 
Kawanami. YR, JRA, 4S ol, IPRA | 2731 | X, 1894) 52.988) 1.1915 | 52.987| —0.001 
“ . ¥ jt Booth We Ve7324 DANG, 24.761) 0,000 
Uwae. P Evrht, #e BM, @F EF | 2733 | X1,1894|. 61.412) ,, | 61.412) 0,000 
5» - i 3 a+ sm | 2734| ., | 46.500! ,, | 46.488) —0.012 
% 7 “ = pau. {27354 2 4,833] ,, 4.827| —0.006 
Takanabe. F MiSs, eee. iE 2736 es 4.442) ,, 4.434) —0.008 
% 5: - = fees | 2787 4 20586) ee 10.528, —0.008 
: a aa 7 ayeny | 2738} 4, | 11.207) ,, | 11.153) —0.054 
Tonda. as Sty, HSB, ORD 2789 a eb 10.940) —0.015 
f ,: os LEH, Be | 2740] ,, 5541) 2. 5,522) —0.019 
- » 99 Fem, Bose | Oar 3.481] ,, 3.466) —0.015 
Hirose. ‘SISA, BEA, FOS, fe & | 2742) ~~, 3.039] _,, 3.019 —0.020 
“4 Fe = . #Fem | 2743], 11.854}, 11.836 —0.018 
Hirose. x 2 FIRS, RYT | 2744] CC, 8.753) °G 8.698 —0.055 
Sumiyoshi. ks tte, BIW, me Bw | 2745] =, 8.077] ,, 8.046 —0.031 
59 : 55 Bs yg P2746 ley oo 12 A0sae 12.378 —0.027 
ail? - ap oe, Sah «| 2747 |, 9.759] ,, 9.717} —0.042 
0 a Key, i676, gRILMy | 2748], 7.936} 5, 7.902) —0.034 
Miyazaki. ‘ <iFT, CASH, yy MH | 2749] ,, 70S. 7.449} —0.059 
99 > 5 Lan, # | 2750) _s,, 5.462] ,, 5.436] —0.026 
Oyodo. ¥ Ait, KK WO, be | 2751.1), 5.752 .XIL, 1914) 5.704) —0.048 
5 4, B Es = aed an toed dis hey ee 7.760) ,, 7.742) —0.018 
: ; 33 Se igi, ee ay 21227521 T2216 ee 7.200) —0.016 
Ikime. A SAN, dy #8, 7 ep | 2753 [x0 189) 8.548, 8,529} —0.019 
*) " mn Bi ee ee TOL, See 22.350) a 22.837} —0.013 
» : ; es eed ceteed| 275021 - 2 13.509), 13.492) —0.017 
Takaoka, HMR. SMM, 76 A, frm | 2756], 16.539}, 16.508 —0.031 
» ” » BE OW | 2757 . 16.260) — ,, 16.244) —0.016 
“ ss 3 7 «MY, BAAR | 2758) 14.263) ,, 14.246, —0.017 

9» “ a Mia %, ym | 2759) ,, 19.924 ,, | 20,119 * 

28, ; is - de 4 | 27601. ,,, 19.365) ,, | 19.600 * 
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TABLE XL. (Cont.) 


Bench-Mark, 


g 

q 

Ate ONS eh ee lee : 

Locality. No. | 8 f| 2 |88| 2 = 

A GH ja" | 

[Province of Hyuga.] ace died Le 

Takaoka. We, MIN, 7%. Baye | 2761 |XU, 1894) 25.416/xI1,194] 96.101 

A ie 5s be 52 am | 2762.1. .,, 35.530] 1, 1915 | 35.788 * 
is _ Pr sis Ay ME | 2763 3 31.254) | 31.233] —0.021 
* a a A eile Se ILE TOL 5. |). 48.504)-~ 43.444) —0.060 
Takajo. | ALZERRER. HEAT, OSA, ze | 2765] ,, | 113.321) , | 113.304) —0.017 
Takaoka. Ree, BMW, WoW, mM @ | 2766] ,, | 204.646) ,, | 204.630) —0.016 
Takajo. JESKUAER, EG, BUSEY, Fee R | 2767) 4, [147.595], | 147.583] —0.012 
Z ~ . S ze my | 2768| ,, |153.877) ,, |153.858| —0.019 
s: & 5 “ 2769 | ,, |170.432) ,, |170.349| —0.083 
f- 7 ie Ake, Fe dH | 2770} ,, |196.857) ,, | 196.846] —0.011 
be 4 i R Hh? BF | 2771) ,, |175.994| ,, | 175.975] —0.019 
3 ¥ a r- #8 zw | 2772) ,, |143.349) ,, | 143,322] —0.027 
cs ef 2 Als, BIRR | 2773 | ,, | 181.178} ,, | 131.128] —0.050 
a n ,, » Aee¥t | 2774] -,, |128.652) , | 128:616| —0,036 
sh Fs 4 mae, #1 fy | 2775) ,, (144.2011 ,, | 144.168] —0.033 
» A : ‘PORN, Ban | 2776] ,, | 140.024, ,, | 140.000] —0.024 
Okimizu. be Hkh, oR, i oo | 2777/ ,, 1136417] ,, |136.395) —0.022 
3 F : £ Algles | 2778 | ,, | 141.961)X1, 1914) 141.931] — 0.030 
+ F a JR, sae | 2779) ,, |142.631| ., | 142.601] —0.030 
A - id s #& Je | 2780] ,, |144.765) ,, | 144.734) —0.031 
Miyakonojo. ; aay, th my, oh my | 2781 | © 1895 /143.905] , | 143.870] —0.035 
Tsoichi. 2 H+, FPR, meee | 2782 | 1L,191/143.171) , | 143.146] —0.025 
Po i 2 5 v «6HA «| 2783 | 1, 1895} 150.964) , | 150.938] —0.026 

[Province of Osumi.] 

Sueyoshi. MEER, AGERE, Ze Jil, pissy | 2784] 4 |192.311] ,, |192.280] 0.031 
» » is :: eeag | 2785 | ,, |231472| , |231.430] —0,042 
» , 3 53 Win-k | 2786! ,, |241.916 ,, | 241.873] —0.043 
» , » 2 BY HA | 2787 | C4, «| 274.615), | 274.552] —0.063 
3 9 » if eee | 2788 | ,, | 292.737) ,. |292.665| —0.072 
09 A - MH, xfer | 2789} ,, | 292.235) ,, | 292.146] —0.089 
Fukuyama. 43h, Gee, EMI, 22 de | 2790] ,, [297.909] ,, | 297.794) ~0.115 
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TABLE XL. (Cont.) 

Bench-Mark. mee pape g 

Do 

: a5 > 5 5 

Locality. No. E g = a3 = A 

r= beara Ri Biel sci fo 
[Province of Osumi.] PES eM eee 
Tsuneyoshi.  m@u#R, MGR, JR Ax, Mery | 2791 | 1, 18% | 308.005 XU, 1914) 307,862] — 0.143 
Fukuyama. #32 2f. FSW, 20), TERE | 2792 | ,, | 367.470) ,, | 367.315) 0.155 
- * < fi i, S& #8 | 2793| ,, |380.950| , |380.744| 0.206 
: * - : mp AS | 2794) ,, | 337.254\V1IL1914) 337.010) —0.244 
i cs f, in wns | 2795 | | | 254.465) ., | 254.205] —0.260 
i y s ha | 2796 | , |164.605| ,, | 164.267) —0.338 
Shikine. E eae, BE we mk | 2797] ,, | 88592 ,, | 88,223) 0.369 
5 . ic . 2 gm | 2488 | 11,1892) 57.274, ,, | 56.847| —0.427 
: s : S aiégey | 2487) 3.487|.,, 3.002) — 0.485 
Higashi Kokbu. _,, mmo; 2s, % @& | 2486 |iv, 1902) 3.240) _,, 2.624| —0.616 
ES 3 9 Ay pe ee | 2483 1s, 5.47], 4.862 —0.685 
Nishi: Kakbu. 3 mma, tk we —— | 2484] ,, 3.620], 2.939] — 0.681 
q x a ASE, —— | 2483] ,, | 12.300\VII, 1914! 11.610] —0.690 
‘ ¥ % Ay 9%, ——_ | 2482 |, 19001 16.118] | | 15.434) —0.684 
Kajiki. r mean, Bok, 8% om | 2481) ,. | 46.835) ., | 46.258} —0.577 
s > Y * oH, mre | 2480] ,, 3.204} 2.644} —0.560 
z ie g i ings | 24791, 9.897] ,, 9.361) — 0.536 
Chosa. 5 Hey, —— Hippy | 2478 B 10.220) __,, _ 9.694) — 0.526 
Shigetomi. se HEN, & x YE we | 2477| ~Y 5.194). 4.586] —0.608 
- . ‘ e fe we | 2476) 4, | 12444) ,, | 12.441) —0.703 
[Province of Satsuma.] 

Yoshino. ARE, BN, BEF maker | 2475) ,, 6.020] _,, 5.244] —0.776 
# 3 rr 5 he 2474) \ ae PM iey eo 6.198] —0.894 
3 : . 5 a 2473 |TV, 1892} 5.950| ,, 5.180} —0.770 
53 . 4 f * 2472 | , | 11.685|VI, 1914] 11.027] —0.658 
3 - ; + y, Ot 6 iy oe aan i ERS eos 9.807} — 0.527 
% 5, = : 45 DATO te TS7Ne 7.525| — 0.446 
Ogawa-machi. FEET, 7Js)IBy,  — — 2469 | 11,1892} 2.747), 2.340) — 0.407 

Hirano-machi. __,, SPRY, i oes Pe, 4.598] ,, 4,360] * 

Sonta-machi. ES Aeon, = — — 2467 |, 7.449) ,, 7.395 ¥ 
Ishiki. ESLER, FR, LGB mm-ia | 2466 [IV, 1892] 44.219 , | 13.917] —0.302 
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TABLE XL. (Cont.) 


Bench-Mark. Envgtion, Gapson g 

[=| 

> ot > 3S x 

Locality. No. a3 = 3 3 = : 

are fe aie ee 

[Province of Satsuma.] Bey ti er teas 
Ishiki. HESEIRER, BBO, 6th, seem | 2465 |IV. 1892| 17.888) V1,1914| 17.597) —0.291 
3 , " AU, BRAS | 2464) 4, | 26.805) ,, | 26.514] -—0.291 
is ' P :. vrs | 2463) ,, | 66.070] ,, | 65.811] ~0.259 
‘. 33 “ tr my 6OFY «| 2462) 4, | 105.638} ,, | 105.413) —0.225 
» 5 5 e + yi | 2461) ., |143.587] -,, | 143.337) —0.250 
Shimo-Ijuin. Awe. Freee, Beem, FE BR | 2460 | 11,1892) 101.299) ,, | 101.128) —0.171 
: , 5 Fi, ck i | 2459; ,, | 104.868) ,, | 104.683] —0.185 
“A a 95 fi JR | 2458) ,, | 82.0741 ,, | 81.893) —0.181 
3 a 34 BF fH, a F | 2457] ,, 64.514} ,, 64.349) —0.165 
F a 4 BUT), 8a BE | 2456 rs 55.996] 11,1915} 55.870] —0.126 
Higashi-Ichiku. __,, se | eS ON | «24551 =, | 30.053). , | 29.903] —0.150 
9 99 » mH, i P| 2454) 31.625), 31.504, —0.121 
Nishi-Ichiku. As mit, RK HH, EWR | 2453) ,, 6.636) ,, 6.516} —0.120 
» 5 6 > i | a2] ,, 4.560|111, 1915] 4.476] — 0.084 
» » » @ WW, WOR | 2451] ,, Py om 2.616] —0.105 
Kushikino. mae, PF %, PaRIPR | 2450] ,, | 138.135] ,, | 13.053) —0.082 
S i. £ a7 Bo 2449}, 5.828] ,, 5.734| — 0.094 
» %9 9 PF 4&#, SFO |} 2448] ,, 38.108} _,, 38.020} —0.088 
» rn 9 9 With | 2447 | 1, 1892} 75.950] ,, 75.847) —0.103 
Kumanojo. SeGteh, Mzmh, PE , vA Ye | 2446] | | 35.210) ,, | 35.105) —0.105 
99 33 »» OF, ci | o445 | =| 13.481) ,, | 13.385] —0.096 
” » » a, BOP | 2444] | 9415), 9.328) —0.087 
” » » mh , «F BY | 2443 | 1,190] 5.871) ,, 5.775| —0.096 
Hii.-Mizuhiki. WAG, OY, BMA ER | 2442 | 1, 1802] 5.120] ,, 5,001} —0.119 
9» - 5 mt, “ERR | 2441] | | 13.946) ,, | 18.850) —0.096 
Nishi-Mizuhiki. __,, maxsit, Ay @, h | 2440], SaGlie es 5.032] —0.129 
” ” » i, JPRS | 2439] ,, 4.360] ,, 4.246 —0.114 
” ” 9 9 Ht, ARH | 2438] | 4.064, ,, 3.953) —0.111 
Takaki. » me, ws ow, A | 2437] | | 3.864 ,, | 3.736 —0.128 
” » ” PG i, EFM | 2436 | | | 24.828) ,, | 24.747) —0.081 
» ” » » i FAP 2435F 5.807 lr — 3.787} —0.110 
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TABLE Xi. 


Bench-Mark. 


Locality. 


[Province of Satsuma. ] 


Akune. Hoke, page, AK J, BR B 
= : ss As Bits It 
» » » » - 
” PS » » =P 7 
» > %» mw A, mz2u 
3 ss » YI, BR 
» » %» ” AWA 
” » » wy 0, va 

Noda. + San, F #4 Ww NAN 
7 ” » » Hi mite 

Naka-Izumi. + mith, =| HE, Fa? jit 

Takaono. 33 Bee, PARE 7S 

Naka-Izumi. a bike , “Rene, 75 Bre 

" x » ~ Pai, #-B& 
%» 9 » ” i Ee 
[Province of Higo.] 

Minamata. SSqcEp, 7k feHy, £8, — VK 
%» 9 » Boh, ay 
» » »» gw A hi 
‘3 9 » ki oA, BR By 
9 %» » » S725 
” % » NESE, BT 

Tsunaki. 2 ear, az bk, HA 
9 eae » FEZS AR, tA 
”» » ” + KR, FRE 

Yunoura, as inn, Ss Th FFmIn 


” ” ” ” Wy J 


(Cont.) 


No. 


2434 
2433 
2432 
2431 
2430 
2429 
2428 
2427 
2426 
2425 
2424 
2423 
2422 
2421 
2420 
2419 
2418 
2417 


2416 
2415 
2414 
2413 
2412 
2411 
2410 
2409 
2408 


2407 


2406 
2405 


Difference. 


I, 1892 


metre 


19,217 
11.280 
15.324 
6.322 
4.818 
2.684 
18.858 
27.688) 
14.959 
4,664 
17.036 
7.029 
5.100 
4.399 
3.832 
7.403 
4.885 
9,525 


43.105 
5.720 
14.110 
1.976 
3.999 
35.800 
8.064 
59.828 
21.548 
73.208 
160.030 
12.546 


TIT, 1915 


” 


Iv, 1915 


V, 1915 
IV, 1915 
V,1915 
IV,1915 


V, 1915 


” 


IV, 1915 


metre 
19.139 
11.201 
15.248 
6.212 
4.690 
2.574 
18.772 
27.605 
14.873 
4.545 
16.896 
6.748 
5.002 
4,203 
3.734 
7.337 
4.799 
9.458 


43,037 
5.589 
14.017 
1.897 
3.923 
32.618 
7.952 
9.086 
21.469 
73.124 
159.955 
12.477 


metre 
— 0.078 
—0.079 
— 0.076 
—0.110 
— 0.128 
—0.110 
— 0.086 
— 0.083 
— 0.086 
—0.119 
— 0.140 
—0.281 
—0.098 
— 0.106 
— 0.098 
— 0.066 
— 0.086 
— 0.067 


—0.068 
—0.131 
— 0.093 
—0.079 
— 0.076 


* 


—0.112 
* 
—0.079 
— 0.084 
— 0.075 
— 0.069 
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TABLE XL. (Cont.) 


Before After 
Bench-Mark. Eruption. Eruption. g 
n na & 
: ce yy Pacts ees B= yes ae S 
Locality. No.| #8] ¥ |88| #2 z 
a Ge yar ss 
[Brovines of Higo.] metre metre metre 
Yunoura. 2cIeER, BAA, BS WB, Bb ya | 2404 [UL 18] 67.030)1V,1915] 66.948) —0.082 
Sashiki. 3 EMS, 16 R FA | 2403] _,, 8.540] ,, 8.469] — 0.080 
A . Z » §2 FF | 2865 |1x,180) 7.951) ,, | 7.169] —0.082 


[Province of Osumi.] 


Shikine. AB, BAR, BE TE vk | 2797 | 1, 1605] 88.592/VIIII914) 88.223) —0.369 
Fukuyama, te muy, te Ww. BR wm | 2489 | 11802) 2602) ,, 2.254| —0,348 
= fe . HED & | 2490] ,, 6.060] _,, 5.759| —0.301 
ms _ ys a BK | 2491] ,, 2928) 2.622) —0.306 
Ushine. AREER, CERI, = SL i, 2492-) 9.735] ,, 9.302) —0.433 
39 - 5 - wm | 2493] 6.672| _,, 6.246} — 0.426 
% b ; py wp | 2494] ,, | 14.661] ,, | 14.208) —0.453 
. = ; = JW, MOA | 2495], 2.516| ,, 2.160} —0.356 
- M3 P m. mm | 24961 ,, 8758] 8.414] —0.344 
2 a F is Weep Qk9T 1%... 5,820|VI1, 1914) 5.457) —0.363 
» 4s & fe i 2498 | _,, 4.449] ,, 4.048} —0.401 
i 55 es - mi, | 24991 ,, 8.708] _,, 8.240) — 0.468 
Tarumizu. » Sikh, we ow, zA @ | O°], | 4261) ,, | 12.276 * 
» 9 ” ” Fav Eo cool}, 6.443] ,, 6.064| —0.379 
o> >» » » Kil | 2502] ,, S354~ 3.020) — 0.314 
» » » Hh ft, HBR | 2503 | 3.188] ,, 2.946| —0.242 
» # HY, Fit, Ji] mR | 2504 |, 4.355] ,, 4,148} —0.207 
” - - mm 7S, Ml oye | 2505] ,, 3.190] _,, 3.016] —0.174 
2» - . ee Be |, 2506 |, 5.671|1X, 1914] 5.496] —0.175 
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THE SAKURA-JIMA ERUPTIONS AND EARTHQUAKES. 
III. 


.(Course of Activity in the Sakura-jima 
Eruption of 1914. | 


By 


F. Omori, Sc. D., 


Member of the Imperial Earthquake Investigation Committee. 


With Plates XXXIUI-LXX. 


Chapter I. Craterlets and Lava Sources. 


1. Zonal arrangement of eruptive vents. In the Sakura- 
jima eruption of 1914 numerous openings have been formed on two 
opposite flanks of the mountain. These are arranged on the whole 
along a nearly straight zone through the centre of Minami-dake, or 
the South Peak, extending in an E.S.E. and W.N.W. direction 
approximately normal to the line of the great volcanic chain, which 
connects the centre of Sakura-jima with Kirishima on the N.E.N. 
and Kaimon-dake, Iwo-jima, Suwanose-jima, ete., on the S.W.S. 
(See fig. 2, Pl. IX, in the preceding Number of the Bulletin.) 
The eruption zone meets at an angle of about 60° the central 
ridge of the island running in the N. and 8. direction. 

The eastern craterlets series, whose horizontal extension is 
about 25 km and whose lower half crosses obliquely the southern 
limb of the U-shaped ridge of Nabe-yama, has been formed within 
the original height limits of 470 and 140 m above sea-level, the lava 
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having thence streamed down mostly sideways to the 8. E. portion 
of the island. On the western side the craterlets extend over 
the space of the horizontal length of about 2.6 km within the 
original height limits of 570 and 65 m above sea-level, whence 
the lava ran down westwards along the valley between 
Hikinohira and Atago-yama on the south and the hill group of 
120 to 400-m height above the village of Akobaru on the north. 

On the eastern side, there have been formed several large and 
small craterlets, all these being connected by a distinct eruption 
canal or crack. On the western side, where there remains no 
evident trace of a similar opening, the highest craterlet is the only 
large one existing in the well preserved condition, the different 
vents in the lower levels having probably in a part been filled 
up by the lava streams which flowed over them. 

In fig. 1 is shown the original outline of Sakura-jima in the 
vertical plane through the centre of Minami-dake and the eruption 
zone, while in figs. 2 and 3 are given the profiles respectively of 
the E.8.E. and W.N.W. slopes of Minami-dake, both before and 
after the eruption, with indications of the positions of the different 
craterlets. ” | 

2. Craterlets on eastern side. The volcanic fissure, or zone 
of eruptive vents, on the eastern side extends along a slightly 
zigzag line in a general W.N.W.-E.S.E. direction, including 
amongst the others 7 well-defined large craterlets 100 m or more in 
diameter. (See figs. 75, 77, and 88.) I have visited the No. J 
craterlet and the highest epening first at the time of my second 
trip to Sakura-jima in April 1914, when the No. 2 and other lower 


craterlets were still in active conditions. A detailed inspection of 


1. The profiles have been drawn with reference to the Military Survey maps of 
Sakura-jima of 1:50.000 published in 1912, and one of 1:25,000 completed after the 


eruption, in 1915, 
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Fig. nf Sectional Outline of Sakura-jima in the E.S.E. and W.N.W. = ewes: E.S E. Coast. Witte W.N.W. side, corresponding to 
Direction through Minami-dake, before the Eruption of 1914. = Tee. PR e ary tis athe Uactunprenungpner st 
Mh tht ae Positions of the highest and lowest western craterlets. 
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Figs. 2and 3. Section of Sakura-jima along the Kruption Fissure through Minami-dake : 
4 Diagrams showing the Heights and Successive Mutual Distances of the Craterlets. 

E 90D Full line gives the contour after, and the dotted line that before, the recent eruption. 
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Fig. 2. Craterlets Series on the Eastern Side. Fig. 3. Craterlets Series on the Western Side. 


j v é j i d Assn. Craterlets Nos. 1, 2, and 4 respectively. 
é sa sk Craterlets Nos. l’, 1. 2, 3, 4, 5, 6, 7 respectively. 11, 2, an : A re 
N Meee ie Nd ae East rim of Minami-dake Crater. 1 Baer West rim of the Minami-dake Crater. 
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the different craterlets along the entire eruption zone was effected 
later on at the times of my 4th and 5th trips, in April and 
September, 1915. The craterlets are numbered 1 to 7 in order of 
descending height. 

Highest No.1 vent or “chimney.” The highest vent 
is a lateral opening, situated at the height of 470m above 
sea-level and at the base of a shallow horse-shoe shaped 
depression on the 8. EH. flank of Minami-dake. ‘This formed neither 
an explosive ecraterlet nor a mouth for lava outflow, but simply 
a sort of factory chimn ey, which sent, when seen on Jan. 16th, 
1914, white smokes vigorously forward in a slanting down-slope 
direction over and to the south of Nabe-yama. (See figs. 4 and 76.) 


The opening whose inner channel might not extend backward 
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Sakura-jima seen from West: Sketch showing the sidewise ejection of white 
smokes from the “ Chimney,” or the highest Hast side No. 1’ Vent. 
Reis Kita-dake. N......Naka-dake. MES os: Minami-dake. Na...... Nabe-yama. 
A......Sea-level. B...... Plateau ground. 


horizontally must have been above the surface level of the interior 
molten lava mass. When again seen in April 1914, the white 
smokes, whose ejection was no longer strong enough to take 
place in a straight sidewise course, were given out diffusedly, 
but in no insignificant amount, from the main original mouth, 


hole 15m in dimension, with some sulphur deposits, and from a 
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number of small sources situated along a fissured zone, about 9 m in 
width, extending obliquely upwards for the length of about 35 m. 

No. 1 eraterlet. (See fig. 90.) The proper No.1 or highest 
craterlet is a conspicuous circular hole of the mouth diameter 
of 120 m, situated 90 m below ‘the “‘chimney”’ at the foot of a 
horse-shoe slope before noted and on the eastern flank of a sort of 
a small plateau-like elevation. In April 1914 it has been found 
to be completely dead and smokeless, the bottom plane, 51 m in 
diameter, being filled with sand. On the upper or western end, 
where the rim is highest and is situated 485 m above sea-level, 
the steep inside wall, 41 m in depth, is made up entirely of hard 
massive gray lava forming the original rocky layer of the Minami- 
dake slope, with a covering of the new ejected material. The 
craterlet in question was essentially explosive in nature and its 
activity has probably been limited only to a short time interval at - 
the commencement of the eruption, as it had already ceased to make 
outburst before Jan. 16th, 1914. The lava outflow seems here to 
have taken place chiefly from a small deep hole at the lower side 
of, and separated by a single rocky partition from, the No. 1 crater- 
let, chiefly toward the south. 

Eruption canal between No. 1 and No. 2 craterlets. (See 
fig. 77.) The lower side of the No. 1 craterlet is continued 
to the shallow “‘ eruption canal’’ in an E.8.E. direction pointing 
toward the 8. shoulder of Nabe-yama, throughout which outbursts 
must have taken place in the earlier stage of the eruption and 
along which traces of numerous secondary craterlets are remaining. 
Amongst the others there were two of these latter on the 8. side 
or bank of the canal, which were respectively 35 and 17 m in 
mouth diameter, both abundantly emitting pungent sulphurous 
gases even at the end of 1915. For the length of the first 128 m, 
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the canal was about 20 m in depth, and the broad flat bottom, 
about 100m in width, was filled with pumice. Thereafter it 
bifureates into two narrow branches, of which the northern one is 
continued for about 130 m till it reaches the head of the No. 2 
craterlet. Around the No. 1 craterlet, especially on the higher 
ground to its §. and §.W., and:on the elevated south bank 
of the canal, there were great many large blocks of lava, 4 metres 
or more in dimension, evidently thrown out during the active 
eruptive epoch. 

No. 2 compound craterlet. The 2nd large U-shaped craterlet, 
whose total length is 220m, and whose upper rim is 400 
m above sea-level, is composed of two circular cavities No. Vas 
and No. 2, B situated in close proximity, and at different levels 
such that the bottom of the higher one is continued to the head of 
the lower. The upper cavity (2,A) whose west side wall is steep 
and composed of massive gray rocks of the old existence is 50 m 
deep and 120 m long, while the lower one (2,B) is shallow and is 
34 m deep and 100 m long. Unlike the No. 1 craterlet these two 
cavities continued actively explosive for a long time, so that the 
bottoms, which were not filled with sand and pumice, as well as 
the adjacent grounds are covered thickly with blocks of projected 
lavas, apparently of later date, as these were not coated with 
ashes. In particular, at the S. brink of the upper cavity (2, A), 
there was a quite fresh-looking huge bread-crust bomb about 3 m 
in diameter (fig. 42). 

The molten mass given out from the No. 2 craterlet is con- 
siderable in amount and covered the higher sloping ground which 
forms its N. boundary; a portion forced up the W. shoulder of 


Nabe-yama producing the lava cascade illustrated in fig. 84. 
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The distance between the lower end of the No. 2 eraterlet and the 
head of the No. 3 eraterlet is 300. m. 

No. 3 craterlet. The 3rd ecraterlet is quite large and _ is, 
unlike the two higher ones, a perfect inverted cone, 60m in 
depth, with an almost level circular mouth 150 m in diameter; the 
upper rim being at the height of 336 m above sea-level. The 
craterlet wall is made up of lava fragments of reddish colour, and 
there is no exposure of old native massive rocks. The distance 
between the lower end of the No. 3 eraterlet and the head of the 
No. 4 craterlet is about 100 m. 

No. 4 craterlet. (See fig. 91.) The No.4 craterlet is 
also a magnificent and nicely cut conical cavity about 150 m in 
mouth diameter, whose northern margin is at the height of 297 m 
above sea-level; the depth being about 50 m, and the accurately 
regular reddish inner side, with exposure of no old rock masses, 
having a slope angle of 34.° When seen in April 1915, there was 
at the centre or bottom, an apparently loose heap of lava masses 


about 20 m in dimension. (See § 9.) 
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Fig. 5. 


Sketch showing the Posi- 
tions of the Eastern Crater- 
lets Nos. 3,3,'.3,’ 4,’ and 4. 


Niece Lava flow. 


(Ls) edenes Section through 
(3) and (4’). 
(TE) eae. Plan. 
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Initial Phases of Sakura-jima Eruption. Seen from Tarumizu 11} km to the S. E. of the Centre ‘ 
of Sakura-jima, on the morning of Jan, 12th, 1914. (R. Higo, photo.) 


Fig. 6. View taken about 20 min. after the Commencement of the Eruption, 


Q 


(X)......Sakura-jima (Minami-dake). (I)......Hruption from the W. side. 
N ......Nabe-yama. (II)...... Eruption from the EH, side. 


Fig. 7. View taken about 45 min. after the Commencement of the Eruption. 
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Initial Phase of Sakura-jima Eruption. Scen from Shiroyama Hill Park, Kagoshima, 


Fig. 8. View taken about 1 hour after the Commencement of the Eruption, or approx- 
imately at 11 a.m., on Jan. 12th, 1914. 
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PL. XXXVI. 


East and West Side Views of Sakura-jima. (1), Hakamagoshi. (x), Nabe-yama. 


Fig. 10. W. side view after the snow fall taken from Gion-no-su, Kagoshima, on Jan. 8, 
1914, namely, 4 days before the Eruption. (C. Sugimoto, photo.) 


Fig. 12. E.side view taken from the shore of Ushine, indicating the annular Nabe-yama 
top behind the black lava bank at the front. (F. Omori, photo.) 
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Pls XXXVILE 


Sakura-jima in 1894. (Sketches by Dr. T. Suzuki.) 


1......Minami-dake. 2......Naka-dake, 3......Kita-dake. 
4......Nabe-yama. 5...-..Moe-jima, 6......Nakano-shima. 


Fig. 13. 


Fig. 14. 


Fig. 13. View from Fukuyama 18 km to the N.E. of the centre of the island. 
Fig. 14. View from Sesegushi 22 km to the S.W. of the centre of the island. 
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View of Sakura-jima, showing the change of form of Nabe-yama before and after the Eruption of 1914. 
(1), Sakura-jima. (2), Nabe-yama. (3), Sakkabira. 


Fig. 17. 


Fig. 15 Picture taken, some years before the Eruption, from Hamanoichi (near Kokbu, 

at the N. coast of Kagoshima Bay), showing Kanzukuri-jima at the centre, and Nabe- 

yama immediately to the right, 

Fig. 16. Sakura-jima seen from the mouth of Shin-kawa, near Hamanoichi, with Nabe- 

vama at the left-hand side base. (Sept. 3rd, 1914. F. Omori, photo.) 

Fig. 17, Sakura-jima seen from the S., with Nabe-yama at the right-hand side base. 
(Sept. 25th, 1914, F. Omori, photo.) 
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The wall of the No. 4 craterlet is breached at the S. side, 
being there connected to a smaller secondary cavity No. 4’ (fig. 5), 
about 50m in diameter, whose reddish inner side was constantly 
crumbling down. The cavity is separated from the black lava 
source only by a narrow ridge 228 m above sea-level, over which 
the air was still intensely flickering in Sept. 1915, and whose 
breadth was:only 30m. Below the No. 3 eraterlet there are two 
more secondary craterlets Nos. 3’ and 3” which are continued 
stepwise to No. 4’ at the lower level, together forming an inclined 
eruption fissure. (See fig. 75.) 7 

3. Crateriets onleastern side. (Cont.) (See figs. 75, 87, and 88. ) 


Nabe-yama eruption crack : western portion. Proceeding 220 m 


Fig. 18. Nabe-yama Eruption Crack seen from the West. (Sept. 27th, 1914.) 
SNe Craterlet No. 3. Ne eee Highest point of Nabe-yama. 
Susiaeees Craterlet No. 5. IN) Ses Highest part (opening) of Nabe-yama 
Lease Black Lava Source. Eruption Crack. 


eastwards from the No. 4 craterlet we reach, at the bottom of a 


gentle valley, the border of the shallow craterlet No. 5 (fig. 18), 


whose diameter is about 150 m, and where commences the western 
branch of the Nabe-yama Eruption Crack, entirely covered with 
lava fragments. 250 metres more along the southern border of 
the crack zone bring us to the foot of the 8. shoulder of Nabe- 
yama, whose present top, 321 m above sea-level, is reached after 
an ascent of further 280 m. In the crack zone, about 150 m in 
breadth, there are a number of traces of shallow craterlets in 


addition to the one above noticed. 
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Nabe-yama eruption crack: eastern portion. The S. portion 
of the Nabe-yama U-ridge, which is crossed by the Eruption Crack, 
has been much shattered and considerably reduced in height, as 
may be seen from a comparison of the photographs (figs. 15 
and 16) taken from the vicinity of Hamanoichi before and after 
the eruption of 1914. Thus, before the eruption the top AB 


of Nabe-yama was flat, while at present it is much inclined 
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Fig. 19. Nabe-yama seen from North, (I) before and (II) after the Eruption of 1914. 

AB (A’B))......Nabe-yama top. 

Bowe Highest point on the W. edge of the top ridge. 

A ee ” ” ” ” E. ” 2 99 ” ” 

Cane Position of the present highest point on the 

S.E. side, or the top cliffs of the eruption crack. 

[B’, C’, A’ correspond in position to B,C,A respectively. ] 
toward the east, (A’B’ in fig. 19). Estimating from the photograph 
(fig. 15), the height of the point B before the eruption comes out 
to be 358m, being accidentally equal to that of the new trigonome- _ 
trical station on the highest point of Nabe-yama, which must have 
suffered elevation and depression during and after the volcanic dis- 
turbances, besides being coated with an accumulation of the ejected 
material. The height of the new shoulder point A’, approximate- 


ly corresponding in position to the former trigonometrical point 
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at A is about 254 m, the amount of truncation or height reduction 
being 94 m. 

The eastern portion of the Eruption Crack is much deeper 
than the W. branch and is about 350 min total length. At the 
head, 248 m above sea-level there is the large and regular circular 


explosion craterlet, No. 6, about 60m in depth and 120m in 


5 DP SACP a 
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Figs. 20 and 21. Sketches illustrating the Arrangement of the Craterlets 
in the Eastern Portion of the Nabe-yama Eruption Crack. (May 3, 1915.) 
62.6% 6 Mandijee. Craterlets Nos. 6, 6’, 6’, and 7 respectively. 
ING esse Highest part (opening) of the Nabe-yama Eruption Crack. 
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diameter, formed out of the soft clayey or ashy material of Nabe- 
yama, the bottom being plane and filled with ashes and some 
water. It looked like the No. 4 craterlet already mentioned, and 
indicated no rock exposure on its inner conical side. Immediately 
below and continuous to this large hole, there is the small 
craterlet, No. 6’, about 20m in diameter. At aslghtly lower level, 
there is another small hole, the craterlet No. 6”. Separated from 
the lower end of the latter by an accumulation of lava masses, there 
is the craterlet, No. 7, an oblong elliptical cavity, about 60 m in 
width and 100 m in length, which extends within the height 
limits of 185 and 140 m above sea-level, and whose top layer has 
foundered, as is the case with the lava source below the No. 4 
craterlet. At the upper end, there is a nearly circular opening 
more or less clearly separated from the rest of the craterlet bottom ; 
this being evidently an orifice from which the new molten black 
lava flowed out, part of which still remains piled up outside the 
upper edge. The lower end of the craterlet, which looks like a dry 
dock, is blocked up by the successive layers of black solidified lava 
masses, outside which there expands the extensive lava fields on 
the Krokami side. (See the sketches in figs. 20 and 21, and the 
photograph in fig. 102.) 

At the time of the present author’s visit to these parts, on 
May 4th, 1915, the different craterlets were completely quiet, only 
slight columns of smokes rising from the upper and lower edges of 
No. 6’ and from the side edges of No. 7. Yet all along the slope 
forming the N. side of the Eruption Crack, the ground was hot, 
over 100°C in temperature, and series of solfataras were issuing 
along the entire margins. 

4. Remarks on Nabe-yama eruption crack. At siti east or 


highest boundary end of the W. portion of the Nabe-yama Eruption 
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Crack, below which lies the deep eastern portion, the two banks or 
sides form a sort of strait or gate opening, pq in figs. 24 and 25. 
(See also the photographs, figs. 77, 87, and 88.) The height of 
the two cliffs p and q is each about 12 m, while the width of the 


Fig. 22. 


Fig. 24. 


Fig. 22. Outline of Nabe-yama seen from East. 

C=Top opening of Eruption Crack. 

Fig. 23. Nabe-yama seen from East, showing the issue of small steam columns 

along the mouth boundary (1) of the castern portion of Eruption Crack, and also 

along other fissures (2), (May 4, 1915.) | 
A=Sea-level. B=Plateau at base of Nabe-yama. 

Fig. 24. Eastern Portion of Nabe-yama Eruption Crack seen from the front. 
Width w=100 m. p,q=Exposed edges of the lava layer. 

Fig. 25. The Top Opening of Nabe-yama Eruption Crack, seen from East. 
r= Lava layer covered by ashes. s=Bottom of Eruption Crack. 
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opening pq (fig. 24) is about 60 m.° ‘The margins of the eastern 
portion of the crack indicate an additional covering, which had 
at places yellowish incrustations, and along which smokes were 
everywhere issuing slightly. (See figs. 23 and 88.) This new 
layer, masked under the thick surface accumulation of ashes 
and rock fragments, seems to be nothing other than the 
coating formed by the lava which flowed over from the large 
craterlets Nos. 2 to 5 on the other side of the Eruption Crack, and 
of which a portion poured down into the central hollow space of 
Nabe-yama. The topmost opening pq is therefore not the 
result of an excavation, but in reality only a space formed by 
the exploding away of a portion of the new lava sheet. 

The southern flank of Nabe-yama is dislocated at two different 
heights, giving out white smokes from numerous points situated 
along the crack lines. These steps are evidently the terminal sides 
of the sheets of lava outflow which were successively issued in the 
earlier stage of the eruption, probably from the craterlets Nos. 
2 on, 0, and 0: 

5). Lava pieces projected from eastern craterlets Nos. 3 und 4. 
Between the No. 2 and No. 8 craterlets there is no apparent 
direct canal communication, but the ground is much fissured, 
giving out sulphurous gases of strong and almost choking smell. 
The ground is thickly covered with dark gray angular lava blocks 
of various dimensions, as is the case with the higher portions of 
Asama-yama, there being not a small quantity of loose slaggy 
lavas of yellowish colour like those projected from the latter 
voleano on the occasion of the long-continued eruption on Oct. 
2nd, 1911. There are also numerous flattened and partly crushed 
lava pieces of dark and slightly yellowish colours which resulted 


from the impact against the ground of the red-hot masses projected 
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in plastic condition from the.craterlets. A huge block of this sort 
measured about 41 feet or 125m in length. Of the lava pieces 
projected out from the craterlet No. 3, a considerable proportion 
is deep red in colour, a fact limited to this neighbourhood. 

On the slope ground to the south of the Eruption Fissure 
connecting the craterlets Nos. 3 and 4’, the loose blocks, several of 
which are large, are also very numerous; one of these, shown in 
fig. 41, is 2 m in height and 53 m in length, and has the shape of 
a crushed onion root. That these semi-breadecrust bombs, thrown 
out in the later stage of the eruption, are the results of compara- 
tively feeble explosions, may be inferred from their small range of 
projection, which was limited to the distance of about 450 m from 
the south wall of the Eruption Fissure or the top of the slope in 
question. Further down the latter there are only hard lava frag- 
ments. The slope had first been covered by the lava outflow in 
the early stage of the eruption, the lower portion being thickly 
coated with ashes. For the upper 500m of the slope, the ash 
layer was again buried under the volcanic sands of subsequent 
issue which were at the end of April, 1915, still so hot at several 
places as to render it impossible for us to stand there for a long 
time, due probably to the preservation of heat in the lava mass 
beneath. At one instance the sand temperature at 1 foot depth 
was 86°.3 C, while the simultaneous air temperature was 14.°2 C. 
Along crack lines, where slight fumaroles were issuing, the soil 
temperature was still higher. The reddish and black lava pieces 
found in these parts were not covered by ashes or sands, having 
been projected out at much later date. On the top of the same 
slope there remains a layer of lava, (@ in fig. 26), about 3m in 


thickness and 50m in the downward extension; this being the 
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remnant of the last overflow of the molten mass from the Eruption 


Fissure. (See the photograph in fig. 43.) 


Fig. 26. Section illustrating the overflow of lava (a, d) 
from the Eruption Fissure (a b ¢). 
6 Basen Length =5m ; thickness=2m. 


Remarks on plastic bombs. The “‘ plastic bombs’’ seem to 
have characterized the last stage in the present Sakura-jima 
eruptions, when the magma at the bottom of the craterlets was no 
more pumiceous, that is to say, ceased to give out powerful jets of 
gases and steam, while the surface cooling was comparatively 
quick. In the case of Asama-yama, the projection of similar 
plastic bombs and lava fragments on the occasion of the long- 
continued outbursts on Oct. 2nd, 1912, marked the last as well as 
the first stage in its recent eruptive epoch, when the lava tended 
to flow out of the crater; the bottom of the latter having been 
elevated on that occasion almost to the brink. 

6. Craterlets on western side. As remarked before, the No. 
1 or highest craterlet is the only explosion cavity of perfect form 
existing on the western eruption field. 

No. 1 eraterlet. This has been formed inside the S. limb of a 
large U- shaped valley, evidently the site of an old explosion crater, 
which les to the N. of Hikinohira and which opens westwards. 
The rim of the craterlet, whose height is 79m and whose inside 


wall has an inclination angle of about 56°, is highest at the S.E. 
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and lowest at the W. side; the diameters of the mouth and the 
bottom being respectively about 174 and 63m. The earlier stage 
of the outbursts here might possibly have been-due to the 
formation of a number of small and shallow secondary explosion 
Openings; a portion of one of these latter still:remaining exposed 
to view at the top of the E. side wall of the craterlet. (See figs. 
49 and 74.) As may be expected from the proximity of the heat 


Fig. 27. NW-SE Section of the W. Side Craterlet No. 1. 
Height differance, between B and C=79 m. 


area and the local lava reservoir mentioned in § 7, the large 
craterlet under consideration is exhibiting the residual activity in 
the form of numerous fumaroles, of which those near the. Hikino- 
hira or 8.E. side were specially energetic and had hissing sounds, 
the temperature being over 90° C in April-May, 1915. The whole 
bottom area, parched and not much buried with pumice, was then 
still very hot and there were more than one dozen of small shallow 
conical holes, of 4m diameter and of 1m depth in maximum size, 
many of which were dry and gave out steam and gases with a 
strong smell like that of vinegar. These had been formed 
probably by powerful emissions or miniature explosions of gas 
after the cessation of the stage of the principal outbursts and 
possibly later than the 20th of Jan., 1914. There were also 


fumaroles on the western inside slope of the craterlet, the 
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temperature measured on April 30th, 1914, being 88°.6C. It 
may be remarked that the upper lip of the craterlet is 570 m above 
sea-level, or 1385 m higher than that of the completely extinct No. 1 
craterlet on the eastern or Nabe-yama side. 

The ejecta from the craterlet seem to have been thrown 
mainly toward the W. where the wall is lowest, there being a great 
accumulation of hard lava blocks more or less in the form of 
bread-crust bombs, some of which are several metres in dimension. 
(See fig. 40.) 

The western craterlet No.1 is, in point of size, and was also 
probably in the violence of the explosion, inferior to none of the 
eastern craterlets, which latter indicate no trace of the ‘‘ conical 
holes’’ at their bottom. It may be regarded as being equivalent 


ce 


to an explosive craterlet combined to an “‘ eruption chimney’’, or 
the highest opening only for the emission of smokes which has 
been formed separately on the eastern eruption field (§ 2). 

Lower craterlets series. The series of the lower craterlets (No. 
4 in fig. 3, Pl. XX XIII.) forms a straight zone in. the E.$.E. and 
W.N.W. direction, more than 400 m in length, along which have 
been formed amongst the others 4 more or less distinct shallow 
explosion holes. (See fig. 54.) The latter, of which the upper- 
most is the largest, are situated at heights of 100 to 160 m above 
sea-level, at a distance of about 400 m or more from the northern 
boundary of the lava area in these parts. 

7. Lava sources. On the eastern eruption field there 
have been formed, besides the regular craterlets, in two cases also 
some fissures or orifices constituting the sources from which the 
molten mass flowed out continuously for some time interval. At 
one of these found immediately below the No. 4 craterlet at 220 m 


above sea-level, the latest and solidified lava issue of black colour 
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remained in its position forming a sort of large elongated 
U-shaped mound, about 20 m in height, 50 m in width, and 150m 
in length, which looks from side like a ‘flat lava cone. (See the 
sketches in fig. 28 and the photograph in fig. 100.) The U, 
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whose two limbs expand in the lower plane into an extensive fan- 
shaped lava field, had originally been an arched or vaulted grotto- 
like passage, whose roof crust along the central axis fell down, 
leaving on both sides traces of the springer formation more or 
less clearly. At the upper end of the mound in question there is 
exposed to view a small arched hole, this being the orifice of a 
shaft probably leading down to the lava reservoir under Nabe- 
yama Eruption Crack. 

On the western field of eruption, a typical massive and 
elongated lava source (figs. 51 and 52) remains in a well-preserved 
condition at a height of about 350 m above sea-level, 1 km to the 
N.W. of Hikinohira, and at the $8. W. base of the 400 m hill above 
the village of Akobaru. When seen in April 1914, the outer 
curved layers of the lava crust were found partly peeled off at the 
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top so as to resemble, in front or back view, somewhat a half- 


opened lotus flower in form.” During the active stage of the 
eruption, the mass of magma had been forced up there as well as 
at other points in the vicinity such that the ground above these 
Java sources must have suffered highly characteristic disturbances. 
Thus the small radial hill ridge forming the N. limit of the 
U-shaped valley, which opens westwards and in which the No. 1 
craterlet is situated, has been much torn by longitudinal cracks and 
also by transverse ones; the latter being accompanied by successive 
stepwise dislocations, so as to present in a distant view an arrange- 


ment somewhat like the stripes on a tiger’s back. (See figs. 50 


Fig. 29. 


Side view diagram illust- 
rating the successive stepwise 
dislocations of the ground im- 
mediately above the western 
lava source No. 2. 


and 29.) The lower end of this “‘lava head’’ is excessively 
broken up and becomes continuous with the actual lava source 
of the No. 2 vent. The whole hill ridge, almost from its 
upper end, or the junction with the top slope of Kita-dake, was 
giving out from different points small feeble columns of bluish- 
white fumes; the ground, which is parched and covered here and 
there with white or yellowish incrustations, causing much flicker- 
ing of the air and having a high soil temperature of 90° to 100°C. 
The latter circumstances must indicate the existence at a shallow 
depth of the red-hot lava mass, as has been actually found out by the. 


present author at the 3rd visit to Sakura-jima, in April-May, 1915. 


(1) When visited in Sept. 1914, the thin outspreading parts of the lava source were 
found much broken down. 
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Thus at a point within the spot in question, 551 m above sea- 
level, the surface crustal portion had fallen in, forming an oblong 
cavity of mouth diameters of 15 and 8 feet, and extending 
obliquely to a depth of about 12 ft. At the bottom of the vault, 
continued to a sort of tunnel, evidently expanding toward the 
downslope, there was exposed to view a glowing red-hot surface of 
lava in the form of a semi-circle 5 ft in diameter, probably 
continued some distance into the passage. Small hard rock pieces, 
a few inches in dimension, thrown on the bright molten lava 
surface were turned into the same heated condition in the course 
of a few minutes, while pieces of wood were instantly set on 
fire even when thrown on the dark-red solidified* part on the 
bottom in front of the molten mass. As the latter was pertectly 
stationary, it is evident that here we have to do with a case of a 
local lava reservoir, which is in a remarkable way situated at a 
height of 59 m over the bottom level of the craterlet No. 1, and 
which has preserved the fluid condition more than 1 year after the 
eruption. At the same time it is likely that a similar underground 
heat condition prevails in the neighbourhoods of the different 
craterlets on the western and eastern sides of Sakura-jima. 

The cracking accompanied by the successive stepwise 
dislocations of a hill side may be partly the effects of an enormous 


underground expansive action or upward pressure (fig.30) which has 


Fig. 30. 


Sectional diagram showing 
the effect of the upward action 
of the underground lava mass. 


A. estes: Open crack on ridge. 
B,C......Fracture at valley 
parts. 
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even obliterated the existence of a narrow valley some 50m in 
depth, formerly situated at the N. base of the above-mentioned hill 
ridge. Several of the small valleys in the higher part of Minami- 
dake (and also of the other two peaks) may be, not the results of 
mere erosions, but the sites of explosive craters or eruptive fissures 
formed ages ago. Again, it may be stated in connection with the 
origin of the elevated parts that the ridge to the 8.E. of the 400m 
hill immediately to the N. of the western No. 3 vent (lava source) 
has been in the recent eruption much torn by longitudinal and 
other cracks, which emitted hot fumes of strongly pungent smell. 
The absence of similar traces of disturbance at the base of the 
ridge seems to indicate that the latter was originally an upheaval 
formed by the upward pressure exercised by the magma at some 
former activity epochs of the volcano.” The top of the 360 m hill, 
extending in the N.-S. direction, which is situated to the W. of the 
above-referred 400m hill, has also been much cracked by deep 
fissures pointing toward the centre of the island. These gave out 
vapours and are | to 2 feet in width, reaching down vertically 12 
feet or so; but the real depth, which must be much greater, could 
not be ascertained, as the bottom has been filled up with fallen 
rock fragments. 

S. Secondary craterlets. Apart from the western eruption 
field there were discovered by the present author on April 8th, 
1914, two small secondary craterlets on the slope of the upper part 
of a narrow valley leading up from the village of Take (#t) at an 
altitude of about 370m, namely, at a distance of 1.0km to the 
N. 25° W. of the centre of the No. 1 craterlet. (The position is 


(1) In the case of the Usu eruption of 1910, six small explosion craterlets were formed 
on the top of Nishi-Maruyama, a low round elevation, but none on the plane ground at its 
foot. This was probably due to the circumstance of the formation of the hill being similar 
to that supposed to be the case in Sakura-jima. 
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indicated by two small red dots in the map, Pl. IX, of the 
preceding Number of the Bulletin.) One of these, on the lower 
level, shown in fig. 48, is about 8 and 9 m in diameters and filled 
with reddish slaggy lava masses. Whether the latter had been forced 
up during the recent eruption or not, was not easy to decide. But 
the occurrence of a sort of miniature eruption from the hole in 
question, probably after the principal eruptive epoch, was indicated 
along the rim by the accumulation to a thickness of several inches 
of gray ashes, which presented a fresh appearance on the above- 
mentioned date; the temperature of the pumice layer around the 
mouth being also high and over 130°C. The two secondary 
craterlets together with a number of feeble steam issues were 
arranged along two nearly horizontal U-shaped crack lines, about 
150 m in longitudinal extension. When visited again in 
September of the same year the holes were much filled up and 
indicated no heat phenomenon, the fumaroles in the vicinity 
having also disappeared. According to the accounts of Messrs. 
Ueda and Yamaguchi, of the Kagoshima Girls’ Normal School,. 
there has been in the ravine at the §.E. base of Hikinohira a 
slight outflow of lava apparently due to the recent eruption. 
Ebinotsuka. Ebinotsuka is a beautifully-preserved small old 
ash and pumice cone of unknown date of formation, rising to the 
height of 122m, and situated just outside the lava area on 
the plateau about 50m above sea-level to the 5S.W. of the 
village of Krokami and approximately to the N.E. of Nabe- 
yama. The top ridge of the crater-wall, whose mouth diameter is 
80 m and whose opening is directed toward the 8.8.E., is much 
eracked and, when observed on Oct. 2nd 1914, issued feebly gases 
and steam. Amongst the others, there were several well-like 


depressions, from which some steam was rising. The greatest of 
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these had a diameter of 83m and the depth of not less than 6m. 
It is probable that the recent great eruption produced fissures and 
other underground or surface disturbances 1n the region neigh- 
bouring the new actual craterlets. 

9. Depression cavity. The level of the molten lava, which 


is pushed up in a voleanic conduit during the activity of eruption 
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phenomena, necessarily settles down with the decline of the latter. 
In a large open crater, like that of Asama-yama or of O-shima 
(Izu), the depression of the central portion of the extensive bottom 
leaves behind in this way an annular portion or terrace along the 
circumference. If the conduit be narrow the depression may 
result in the formation of a sort of hollow well or shaft, whose top 
may or may not be exposed to view. In the case of the recent 
Sakura-jima eruption, the depression cavities were formed on the 
eastern eruption field in the craterlet No. 6”, in the eraterlet No. 4, 
and at the lava source below the latter. | 

The inside roof of the vertical cavity, about 15 m in diameter, 
formed at the bottom of the craterlet No. 6”, which was partly visible 
from the north edge of the Nabe-yama Eruption Crack, constitutes a 


sort of vault with great many short, and more or less columnar, lava 
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projections hunging down from it (fig. 101). Small rock frag- 
ments thrown, by way of experiment, horizontally from the edge 
(C, fig. 31), reached the floor A in 3.0 see., while others similar- 
ly thrown required 4.5 sec. in reaching the invisible shaft bottom 
B, the arrival thereon being indicated by the sound of impact. 
Estimating from these time observations, with suitable correction 
on the effect of the air resistancé, the depth AB of the shaft is 
found to be about 40m. A vertical lava hole about 10m in 
diameter (and, when seen in April 1914, some 20m in depth) 
formed close to the lower rim of the eastern No. 1 craterlet may 
also be the result of a similar depression process. 

The depression cavity formed at the bottom of the eastern 
No. 4 eraterlet, which is highly characteristic, has been discovered 
first at my visit there on Sept. 22nd, 1915. At the time of my 
previous trip, on April 23rd, in the same year, there was at the 
craterlet bottom a small mass of lava which had an appearance of 
the accumulation of loose fragments fallen from the side wall. 
(See fig. 91.) In reality, however, this was a protuberance of the 
molten lava out of the conduit below, being the result of the last 
eruptive effort of the magma, probably at the end of 1914, when 
the latter could no longer be projected up into the air. The lava 
mass in question had probably been already cracked vertically 
about or some time before April 1915, as a series of small dust 
explosions took place from the craterlet No. 4 on May 5th of the 
same year. (See § 21.) The cracking might possibly have been 
actually formed on that occasion. The final result was the 
subsidence of the whole N. vertical half of the lava mass, the 
section exposing to view a sort of compact inner column tapering 
upwards, some 30m in height and supported by a beautiful 


spherical vault, about 15m in diameter. (See the photograph, 
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fig. 99.) In the dark bottom space could be seen another inside 
roofing with dislocations at top, this probably forming a sort of 
tunnel whose lower end was in communication with the lava source 
below the No. 4° ecraterlet. 

The roof of a depression lava cavity, in case it remains 


unbroken, may be more or less spherical. Thus, if AB (fig. 32) 
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Fig. 33. A Diametral Section of a circular 

Fig. 32. Sectional Diagram illustrating Crater filled with molten lava. 

the formation of an Internal Depres- AB...... Level reached by the 
molten lava. 

wanted Crater wall. 

(aed Lava surface. Arrows indi- B,C,.....Places of successive dis- 
locations, resulting in 
level depressions D,E,,...... 

Dee Depression cavity. 


sion Cavity with Vaulted Roof. AF 


cate the direction oflava flow. 


represents a volcanic conduit, the fluid magma will be forced 
up in a series of front surfaces 1,2,3,4, Bis or the portion 4-5, 
cracked into a number of separate blocks, forming an arch or a vault, 
which remains behind, if sufficiently strong, after the lava mass in 
the conduit have sunk. In the case of a general depression of the 
central portion of the lava area filling a large crater bottom (AB..., 
fig. 33), a series of the cavities may be formed along the dislocation 


boundary B,C,... exposing to view the back-side half of a cave 
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Orval L), Waa. This is exactly*what took place in the crater 
of the O-shima volcano after the eruptions in 1912. 

10. Amount of depression of lava level. ( A) Eastern. lava 
field. In the eastern portion of the Nabe-yama Eruption Crack, 
the lowest rim and the bottom of the craterlet No. 7 are respective- 
ly about 140 and 110 m above sea-level. The level of the mouth 
of the depression cavity of the craterlet No. 6” is 160 m, while 
that of its bottom was, in Sept. 1915, about 120 m. Again, 
the bottom of the craterlet No. 4 is at a level of 250 m, the 
lava surface under it having been depressed several dozen metres 
further down. The lava source below the last mentioned craterlet 
is at a height of about 220m, the bottom of its tunnel or shaft 
being further down. As the height of the uppermost limit of the 
lava overflow about the No. 1 craterlet is 480 m, it follows that the 
surface of the magma under the volcano elevated to the latter 
level at the commencement of the eruption has been lowered after 
its conclusion probably to a height of 110m, or through a vertical 
distance of 820m. In Sept. and Oct., 1914, when the craterlets 
Nos. 3 and 4 still maintained the firework-like eruptions of lava, 
the level of the latter was probably kept at a height of some 250 m 
above sea-level. (PB) Western lava field. The uppermost lava 
sources were formed at heights of 400 to 500m, while the lowest 
craterlets were at heights of only about 65m; the vertical distance 
difference amounting here also to more than 335m. _ It thus seems 
that on the whole the magma was upheaved during the eruption, 
in round number, some 350 m over the final depressed level of its 
crustal surface, the actual top of the inside molten lava being 
probably some distance further below. Hence it would be no 
exaggeration to suppose the total amount of the depression of the 


Java level after the eruption to be 500m. In other words, the 
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molten lava mass under the Minami-dake crater exists at ordinary 
times probably at the depth corresponding to the sea-level. 

By way of examples, it may be noted that after the great 
Asama-yama eruption of 1783, when the ‘‘Oni-oshidashi’’ lava 
flowed out over the N. rim of the central crater (diameter=400 m) 
the bottom of the latter has sunk to a depth of some 300m. 
Again, after the O-shima eruption of 1777, when an enormous 
amount of lava flowed out of the central crater (diameter=600 m), 
the bottom has subsided some 120 m. 

11, Process of eruption. The majority of earthquakes which — 
occurred in Sakura-jima previous to, and during, the recent 
eruption were probably the results of creating or enlarging the zone 
of volcanic fracture, in the way of preparation for the ensuing 
outbursts. The premonitory explosion at 8 a.m. on Jan. 12th, 
1914, when a column of white vapour was projected up from the 
Minami-dake. crater, may. possibly denote the completion of the 
upper extension of the underground plane of disturbance. 
At the same time it is likely that there are a number of old 
fissures or narrow communications in the filled up conduit of 
Minami-dake, as is evinced by the existence of fumaroles inside 
and outside the top walls; it being not necessary to suppose that 
the new inside fracture reached up to the bottom of the crater, 

The greater amount of lava outflow from, as well as the longer 
duration of the activity of, the eastern side craterlets is prob- 
ably to be attributed to a greater width of the fracture zone in 
that direction; this supposition being apparently supported 
by the fact that there exists on the east side the broad Eruption 
Canal between the craterlets Nos. 2,3, and 4, and also by the 
formation of the remarkable Nabe-yama Eruption Crack. Mr. 


Perret maintains that the speedy extinction of the eruptive 
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Sakura jima Eruption of 1914: Pumice layer floating on sea surface. 


Fig. 34. A boat nearly submerged in the floating pumice layer at Koike on the W. coast 
of Sakura-jima. (Yuki, photo.) 


Fig. 35. Floating Pumice Layer outside the Harbour of Kagoshima, The precipitation 
of ashes rendered the torpedo-boat destroyer Shiratsuyu at a near distance dimly dis- 
cernible. (Jan, 19th, 1914. EF. Omori, photo.) 
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Sakura-jima Eruption of 1914. 


Fig. 36. W. side view of Sakura-jima taken while sailing in Kagoshima Strait on board 
the steamer Nishiki-maru, with the trapezium platform of Hakamagoshi at the front. 
(Jan. 19th, 1914. EF, Omori, photo.) 


Fig. 37. W. side of Sakura-jima seen from the top of Hakamagoshi, indicating a large 
mandarine-orange tree uprooted and carried from the village ground below to the 
plateau by the force of the Eruption Blasts. (April, 1914. F. Omori, photo.) 
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Sakura jima Eruption of 1914 : Thick Accumulation of Ashes in the E. part of Sakura jima. 


Fig. 38. Houses at Krokami buried in ashes. (March 16th, 1914. F. A. Perrett, photo.) 


Fig. 39. Slope ground to the N.W. of Nabe-yama, seen from Gongen-yama, indicating 
the new layer of ashes cut into fine grooves by rain. (April, 1915. EF, Omori, photo.) 
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Lava masses projected in semi-plastic state in the later stage of the Eruption of 1914. 
(April 1915. EF. Omor', photo.) 


Fig. 40. Condition at the bottom of the Western No. 1 Craterlet. 


Fig. 41. A large flat crushed lava disc found on the slope forming the §. side of the 
Eruption Fissure connecting the Eastern Craterlets Nos. 3 and 4’. 
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Lava masses projected in the later stage of the Eruption of 1914. (April, 1915. F. Omori, photo.) 


Fig. 42. A large bread-crust bomb found at the S. rim of the Eastern Craterlet No. 2. 


Fig. 43. Platy projection or overflow on the sloping 8. side rim of the Eruption Fissure 
connecting the Eastern Craterlets Nos. 3 and 4’. 
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disturbances on the west side was due to the formation of the 
lower craterlets along a valley region, whereby their mouths must 
have been blocked up by the lava streams flowing down from the 
higher levels. Similar effects, however, must have taken place to a 
certain extent also at the east side in the case of the No. 2 craterlet 
and with those openings in the E. and W. branches of the Nabe- 
yama Eruption Crack. On the whole, it looks probable that in 
the present instance the eruptive activity was really greater along 
the E. than along the W. side craterlets zone. 

As will be seen from figs. 2 and 3, the highest explosive vents 
were formed on both flanks of Minami-dake a little below its half 
height, namely, about the lower boundary of the upper and steeper 
portion of the mountain which is nearly symmetrical with respect 
to the N.-S. direction. The upper boundary of the western 
eruption field is, however, 100 metres higher than that of the 
eastern. With this height difference might probably have been 
connected the apparently greater explosive violence of the initial 
outbursts on the western side. The existence on the eastern 
flank of the separate ‘‘chimney’’ or No. 1’ vent for steam and 
gases also probably contributed to reduce the explosive force of the 
craterlets on that side. 

The greater height of the western craterlet No. 1 is 
evidently due to the existence of, or the coincidence in position 
with, an elevated ridge (I in figs. 1 and 3), which is connected with 
the dome-like hill of Hikinohira, and which is probably the 
result of an upheaval in some past epoch of the voleanic activity, 
it being assumed that the formation of a voleanic orifice and the 
forcing up of the lava take place with a greater facility under a 


ridge than under a valley (§ 7). 
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Chapter II. Activity Variation. 


12. Commencement of eruption. Figs. Gand ¢ are, toe 
pictures of the eruptions from the two opposite sides of Sakura-jima 
taken by Mr. R. Higo, of Tarumizu, on the morning of Jan. 12th, 
1914, respectively at about 104 and 103 a.m., or probably some 
20 and 45 minutes after the very commencement of the eruption. 


The interesting sketches (figs. 44 and 45), made by Mr. S. Bando, 


Approximate Views of Sakura-jima from the South immediately 
after the Commencement of the Eruption. 
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Noa dee Nabe-yama. 1,2, and 3 indicate the order of outbursts, 


corresponding respectively to the craterlets Nos. 1 and 2 on 

the west side, and No. 1 on the east side. 
of Shibushi Middle School, give the approximate state of smoke 
emissions during the earlier stages of the eruption as observed by 
him from the south while proceeding on board the steamboat 


; es ; ) 
’ from Kagoshima to Furue, a town on the west 


 Tatsu-maru ’ 
coast of Osumi about 22 km to the §.S.E. of Sakura-jima. Accord- 
ing to fig. 44 the first outburst which was accompanied by no 
detonative sound took place on the W. side from the highest No. 1 
craterlet (situated to the north of Hikinohira, 570 m above sea- 


level), followed by the 2nd outburst from a craterlet at a lower 
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place, probably located in the neighbourhood of the Gungen shrine 
400m above sea-level. Then the eruption began from the 
highest No. 1 ecraterlet on the east side. In fig. 6 the smokes from 
the latter side, still from a single mouth, has ascended vertically 
about 1130m, namely, has attained the height of about 1560 m 
above sea-level, while those on the W. side formed a vertical 
column about 1150 m in the E.-W. diameter and ascended already 
to a height over 5000m. In fig. 7, the smokes from the east 
side forms a vertical column about 1300 m in the E.-W. diameter. 
So far Nabe-yama, shown at the right hand side of fig. 6, remained 
unaffected, the eruptions on the east side perhaps taking place 
principally from the craterlets Nos. 1 and 2, and on the west side from 
the openings, not much lower than the top of the above-mentioned 
hill, or over the height of some 330m above sea-level. As yet 
the outbursts were not very explosive, the detonations having been 
heard in Kagoshima first at 3.30 p.m. (12th). Between 103 p.m., 
12th, and 8a.m., 13th, when the explosive action was at the climax, 
the smokes must have reached a height probably of about 10 km. 
From figs. 6 and 7 it will be observed that the ashes were carried 
toward the N.E. or E.N.E., as the front of the western smokes 
advanced to the right behind the eastern smoke column; the 
eruption zone, or the line joining the craterlets on both flanks of 
the mountain, making an angle of 45° with the direction con- 
necting Tarumizu and Sakura-jima. 

Fig. 8 is the view of Sakura-jima taken from the Shiroyama 
park in Kagoshima probably about one hour after the commence- 
ment of the eruption, showing the trapezium plateau of Hakama- 
goshi at the left-hand and the small islet of Karasu-jima (buried 
under the lava later on) at the right-hand side. On the front or 


the west mountain slope, the dense eruptive smokes rose vertically 
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in a column of the N.-S. diameter of some 900 and 1500 m 
respectively at base and top; there being projected from the 
craterlets a great many hot lava pieces with a white trailing tail of 
gas and vapour. 

According to the accounts of the municipal officials and the 
school masters of Tarumizu, the houses in the villages of Arimra 
and Waki on the 8.E. coast of Sakura-jima were burnt at 2 p.m. 
on the first day of the eruption. At the same time the whole 


space about Nabe-yama was enveloped in black smokes, it being 


supposed by some that the lava outflow did then began. From . — 


4p.m. on the same day burning lava pieces fell on the sea, 
splashing the water high into the air. The lava stream is 
supposed to have reached the sea already at 10 a.m. on the 13th. 
If so, the lava would have run down the distance of 2.83 km from 
the craterlets Nos.1 and 2 to the coast at Arimra in the course of 
some 20 hours, with the average speed of 110 metres/hour. 
At Obama, a place on the coast of the province of Osumi at a 
distance of 4.7 km to the 8.E. of the eastern No. 1 eraterlet, forest 
undergrowths were put on fire at 4 p.m., 12th, from the precipita- 
tion of the burning stones; the conflagration was, however, put 
out after | hour by the fire brigade of the village. 

13. Eruption blasts. Unmistakable signs of the generation 
of volcanic blasts were observed on and around the plateau of 
Hakamagoshi. Thus, according to our observations on Jan. 19th, 
1914, on the village ground inside the latter, the school house 
had entirely been destroyed and carried off somewhere in pieces, 
there remaining only the foundation timbers, immersed in a pool 
of water dammed by the lava stream. The beach at the S. side of 
Hakamagoshi was strewn with broken timbers. On the farm 


grounds at the top of Hakamagoshi 72m above sea-level, there 
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Fig. 46. Map showing the Direction of the Volcanic Blasts 
on the Western Eruption Field. 


Red arrow... Direction of the blast. 
Do., dotted---Direction of lava block projection. 
The thin red shade indicates the district where the blasts were strong. 


The red dots 1 2, 3 and 4 mark the positions of the western craterlets 
Nos. 1, 2, 3 and 4. 
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were found, besides a considerable quantity of timbers shattered 
from the houses, a great number of large uprooted mandarin-orange 
trees which had been carried westwards by the blasts through an’ 
upslope distance of 800 m or more from the village of Yokoyama 
situated below at the east foot of the plateau in question. (See 
fig. 37.) The sugar-canes on Hakamagoshi were found entirely 
thrown down, mostly outwards or away from the centre of the 
disturbance, although the cases of the contrary direction were also 
not wanting. 

On the N. slope of Hakamagoshi, the majority of the trees 
were standing, even though burnt and charred. On the N.E. 
corner and on the E. side, however, the trees were mostly 
overthrown, the demarcation of the damaged and undamaged 
regions being quite sharp. At the south portion of the E. side 
slope of Hakamagoshi several slender trees were standing. It thus 
seems that in the region under consideration the volcanic blasts 
were directed principally against the N.E. corner of Hakamagoshi 
and toward the adjacent village of Koike. On the ground about 
the latter, the destruction was general and the tree trunks were 
mostly overthrown or broken toward the old fort ground of 
Gion-no-su at the mouth of the Inari river at the north end of 
the city of Kagoshima, and a factory building near Prince 
Shimazu’s Iso mansion, or midway between these, i.e., in the 
directions varying from N.73°W. to N.52°W. These two limiting 
directions point, if produced backwards, respectively to the 
western No.1 craterlet and the lowest active craterlet behind 
Hakamagoshi. Several trees, whose bark remained intact even 
on the side facing the source of disturbance, were found over- 
thrown toward the Gion-no-su, very probably by the volcanic 


blasts. On the fields behind the village of Koike and at the N.E. 
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base of Hakamagoshi, the trees were found overthrown mostly 
away from the Minami-dake. A large camphor tree, about 3 
feet in diameter, which had stood in the eround of a shrine at the 
boundary of Koike and Akobaru, was overthrown toward N.55°E., 
which direction, if produced backwards, points to the uppermost 
of the craterlet series lying to the S.W. of the hill group above 
Akobaru, (the craterlet No.4 in fig.2, in the preceding Number of 
the Bulletin). Again, at the mandarin-orange grove to the N. of’ 
the cemetery in Akobaru, the trees, completely stripped of bark on 
the side facing S.E., were overthrown toward the opposite 
direction, namely, toward the N.39°W., which, if produced back- 
wards, passes through the lowest of the craterlets belonging to the 
series above noted. (See fig. 46.) 

On the top of Atago-yama, 166m in height, situated 2.0 km 
to the 5.E. of Hakamagoshi, the large tree trunks were uniformly 
overthrown or broken in the direction of the islet of Kanze, 
namely, toward §.57°W.; this direction prolonged backwards 
points toward the lava source at the S.W. foot of the 400m hill 
(the craterlet No.3 in the map, fig.2, in the preceding Number of 
the Bulletin.) The trees were completely stripped of bark on the 
side facing the centre of disturbance by the impact with the lava 
projectiles. The Atago shrine itself was destroyed and carried 
somewhere by the stones and the blasts, leaving behind no trace 
at all. For the width of about 100 m along the foot of the steep 
5. W. slope of Atago-yama the trees were found overthrown. 

At the vicinity of the cemetery in the beach ground of 
Akamizu, the young pine trees about 9 feet in height were burnt 
and partially charred, but not broken or uprooted. <A. similar 
effect was also observed at the base of the lava outfow to the north 
of Nojirt. 
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On the eastern eruption field, distinct trace of the blast can be- 
recognized neither on the plain districts of Krokami to the north. 
of Nabe-yama, nor even on the slope grounds above the village of 
Furusato and immediately below the craterlet No.1. It is hereby 
to be remarked that the different craterlets on the east side are 
located on elevated positions constituting ridges, while those on 
the west side were formed on the whole along the trough af a 
V-shaped radial valley opening westwards. This last circumstance 
has probably allowed the partial westward concentration of the 
explosive effects, resuiting in the formation of the eruption blasts 
which swept against Hakamagoshi and the vicinity, and whose 
direction was there essentially identical with that of the projection 
of the lava blocks from the craterlets concerned. 

14. Holes produced by the impact of lava blocks. Qn the 
flat beach to the N. of Hakamagoshi, where the ground was not 
much covered by large pumice pieces, the conical holes formed by 
the impact of the projected lava blocks were very numerous, 
their space distribution being such that, in one instance, 
about 75 were counted in a rectangular area 83m in length 
and 64m in width, with the average of one in every 70sq- 
m. The diameter of the holes was from 13 to3m. On the field 
at the back of the village of Koike and on the N.E. base of 
Hakamagoshi, the conical holes were very numerous, being 
literally consecutive one with the other. At the boundary of the 
village districts of Koike and Akobaru there were no conical holes 
to be observed, having been, if any, hidden from view by the 
layer of pumice blocks, from a few inches to 1 foot or more in 
dimension, which accumulated to the thickness of 2 to 23 feet. 
(See fig. 56.) On the top ground of Hakamagoshi there were a 


great many holes, the largest of which had the diameter of 8m 


214 F. Omori: 


and the depth of 13m. On the hilly grounds above the villages 
of Akobaru and Take, conical holes of maximum diameter of 35 m 
were formed on the new pumice layer, whose depth was 0.54 m. 
On the ground in the vicinity of the cemetery of Akamizu, to 
the south of Hakamagoshi, there were no conical holes formed 
by the falling stones. 

_ At the foot of Nabe-yama, behind the village of Krokami, 
there were several conical holes formed on the pumice and ash 
field, the maximum diameter being about 2 m. 

Small lava pieces falling on the ground covered by a hardened 
layer of pumice produced a splashing about of the latter, which 
according to what was observed in April 1914 below the eastern 


No. 1 ecraterlet, resulted in the formation of shallow uniform- 


depth holes. Thus in one case, (fig. 47), the fallen rock fragment 
C was 6 inches in size, while the hole A B was 1 inch in depth and 
2 feet in diameter. ) 

In the days immediately succeeding the eruption there were 
found, at the outside base of Hakamagoshi, more than 20 dead 
horses and pigs, which had been driven out of the villages of Yoko- 
yama and Koike burnt and otherwise destroyed and there struck 
by burning lava fragments or suffocated by hot eruption blasts. 
On Jan. 19th, 1914, there was found a large stiffened dead eel on 
the dried sea-beach, while, on the lower portion of the 8. slope of 
Hakamagoshi, where the soil was moist, there were great many dead 
toads, all stiffened and dried up in a climbing posture, having 


probably been scorched by the voleanic heat.. On the inner side 
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of Hakamagoshi, several dead pigs were found among the burnt 
remnants of the houses of Yokoyama. 

25. Pumice. On the débris-covered grounds about the vil- 
lages of Koike and Akobaru, to the N.E. of Hakamagoshi, larger 
lava blocks were found to form the upper layers, while small 
pumice pieces, sands, and ashes formed the lower layers. This 
would indicate that the finer constituents of the volcanic ejecta 
were given out during the earlier stages of the eruption, followed 
by the coarser fragments later on ; it being these latter which set 
on fire the houses of the neighbouring villages. The houses in 
Yokoyama and Koike situated near Hakamagoshi were being 
burnt already on the 12th, at about 63 p.m., while at the more dis- 
tant villages of Take and Fujino several houses were burnt on the 
night of the 13th. 

On Jan. 18th, 1914, the floating pumice area in Kagoshima 
Bay encountered by the torpedo-boat destroyers Shiratsuyu and 
Lkazuchi to the N.W. of Sakura-jima was about 3 miles in length 
and 13 miles in width. 

On the morning of Jan. 19th, 1914, the wind being easterly, 
there was a slight precipitation of ashes in the city of Kagoshima, 
which rendered the air very dusky, the detonative sounds also 
being there perceived quite intensely. At 103 a.m., when the 
author and his party started on a tour in the bay on board the 
training vessel Nishiki Maru, the floating pumice filled the har- 
bour and covered the outside sea surface for several miles, com- 
pletely surrounding the two torpedo-boat destroyers lying there at 
anchor. Landing on Sakura-jima and coming back to Koike at 
4% p.m., it was found that a layer of pumice about 10 inches in 
thickness had completely blocked up the coast from the base of 


Hakamagoshi to the vicinity of the villages of Fujino and Saido at 


fs) 
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the N.W. part of the island. The efforts of 4 stout students were 
perfectly ineffective to drive through the area of pumice a small 
boat, in which we had come in the.morning, so that it was partly 
pushed by men standing in the water and partly pulled with a rope 
from the steamer, until we were finally enabled to embark the 
latter. Where the accumulation was comparatively thin and 
broken by the undulatory motion of the sea, fish often jumped up 
and, remaining on surface of the pumice layer, could not again get 
into the water. 

At the beach the floating pumice often proved deceitful to the 
horses and even to the men, who, on aecount of the difficulty of 
recognizing the demarcation between land and water, trod some- 
times into the latter. ; 

16. Eruptive sounds. [n the earlier days Of the eruption the 
voleanic sounds occurred of course at close intervals. In the city 
of Kagoshima, which is situated westwards at the minimum dis- 
tance of about 5 km from the lowest (nearest) craterlet on the 
western side, the sounds were sometimes very loud and like the 
booming of guns, constituting what may be termed a sound shock, 
namely, a strong air disturbance which caused marked shakings of 
the houses. At other times, the sounds were like the rushing of 
winds, accompanied by movements more or less. There were also 
cases, in which the sound waves ceased to be audible, and yet 
caused some shakings of the shejis, or paper-covered sliding doors 
in Japanese houses. The duration of the sounds, which was usually 
quite short, was in several instances more or less lengthened, up to 
about 40 sec. . 

The perception of the eruptive sounds in Kagoshima de- 
pended, like the precipitation of the ashes, much on the state of 


the weathers. Thus the easterly winds invariably brought in the 
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city some diffusion of the voleanic dusts and. an increase both in 
the intensity and the frequency of the detonations, causing alarm 
each time to the panic-stricken inhabitants. At Tarumizu and 
other places in the province of Osumi, situated eastwards from the 
voleano, the sounds were heard much more intensely than in Ka- 
goshima. ‘The following table contains only a fragmentary list of 
the sounds which I have accidentally perceived in Kagoshima or 
Tarumizu on Jan. 17th, 19th, and 21st-26th, 1914. 


TaBLE I. Observation of Volcanic Sounds. 


| Dat | ys f | Ms 
Place of Observation. | (1914). een | Remarks. 
| 
| 10.42.13 p.m. Strong detonation. 
Satsumaya Hotel, Jan. 17. | | 
Kagoshima. : : ee es : 
ae 11.20.20 _ Air shakings. 
8.48.45 p.m. Very loud sound shock. 
| ( 
8.49.33 Do. 
| 8.55.42 | Rushing sound, not very loud. 
| | 
| 9.05.52 | Booming sound, not very loud. 
9.06.25 | F f 
| , 
9.08.28 a 5 
Do. | Jan. 19. | 
| 9.09.44 | 7 
|| Shojis shaken, accompanied by no 
| 9.10.08 pe 
| ; 
| 9.10.39 | Sound, faint. 
| | 
. 9.12.12 . Ak es 
9.13.05 | » » very faint. 


9.37.20 (es rather loud, long in dura- 
= : 
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TaBLE I.  (Continued.) 


OO 


Place of Observation. 


Date 
(1914). 


Time of | 


Occurrence. 
| 


Remarks. 


Satsumaya Hotel, 
Kagoshima, 


Jan. 19. | 10.29.58 


943710 p.m. Loud sound, continued for 40 sec. 


| 9.48.54 | Very loud, but short in duration. 
| 10.16.00 - Sound. 

10.25.20 | Shojisshaken, withoutsound. 
10.28.29 


| 10.39.37 p.m. 


99 29 ! 


10.40.48 JShojis shaken, followed by dull 
ey kL sound. 


| 10.52.51 Pm, Sharp loud sound. 


| | 
11.08.20 Strong air shakings, without 
ec ha sound. 
11.38.48 Hera loud, with some shaking 
/ effects. 
Sond cleu NT : vy ; ; 
ee School, | Jan. 21.) 3.13.12 p.m. Loud sound. 
= ai " | _| : 
| aR Loud rushing sound, accompanied 
6.57.36 p.m. ns shaking of shojis. 
7.03.27) ely aa 
10.14.29 p.m. Very loud detonation. 
‘ ~ Il Faint rushing sound, with slight 
10.34.05 PM. | shaking effect, 
Sg 3 is Poa cee 
stad Nits + Do. 10.84.30 . | Rushing sound. 
g be | 
10.34.40 Do. 
10.84.55 Do., continued for 5 sec. 


| | 
VTORSGOO ear 5a: 


10.35.80 © — Shojis faintly shaken. 
| ——— = a 
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Taste I. (Continued.) 


Dat Ti f 
Place of Observation. (91 iy, iN patch Remarks. 
| 10.35.46 p.m. Shojis faintly shaken. 
Jan. 21.| 10.39.10 pn tae rushing sound ; shojis shaken 
et MN Me ea ~~*)) once. 
WOAv08)-. |, - Do. 
7.33.06 a.m.! Loud booming sound, shaking 
wis Ra NSOqess 
Satsumaya Hotel, Yo ae 
K iogh wie 7.34.34 Feeble sound, shaking shojis. 
Jan. 22. | - 
7.47.54 p.m. Loud detonation. 
10.50.80 | Do. 
Jan. 23.) 2.20.37 a.m. Loud booming sound. 
Jan. 24 7.16.30 a.m Eee causing shaking of 
: ’ ie ~~"|) shojis. 
(a very loud booming detonation, 
which though said not to be rare 
in Tarumizu, was the strongest I 
Pee Se ee have so far experienced, there 
3 1 1€1 ‘ 

Office. M Do. | 3.19.03 p.m./ being also sharp shaking effects, 
| This sound due to an explosion 
| from one of the eastern craterlets» 
was also loudly perceived in 
Kagoshima. 

Pe G255s) 1 p.m. Shaking of shojis, with no sound. 
Satsumaya Hotel, D } ese 
Kagoshima. te Some shakings of shojis with no 
VOW AKG) noise; followed by another after 
| a short interval. 
; eee vee | 
6.34.28 a.m. Shojis shaken ; no sound. 
Kagoshima Harbour. Jan. 25. | | 
. 11.10.57 Loud detonation due to an explo- 
| Etat sion on the western side. 
Strong detonation, with shaking 
effects. This sound was also per- 
Satsumaya Hotel, | Jan. 26. 9.01.01 a.m.< ceived at Miyazaki, where soon 


Kagoshima. 


after black clouds were observed 
on the §8.W. sky. 


eS 
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The time interval between the moment of appearance of the 
eruption flash from among the lower craterlets on the western side 
and that of arrival of the detonative sound, observed on the evening 
of Jan. 18th, 1914, at the Satsumaya hotel (situated at the foot of 
Shiroyama Park in Kagoshima), was 17.6 sec. on the average. 
As the air temperature at the time in question was about 6°.5 C, 
for which the velocity of sound propagation in air is 336.5 m/see., 
the above time interval corresponds to the path length of 336.5% 
17.6=5920 m, which is very nearly the distance of the place of 
observation from the lowest craterlet of the eruption fissure (No. 4) 
above Hakamagoshi. According to a photograph of the Sakura- 
jima mountain I took on the same evening from the coast of 
Kagoshima at the vicinity of the railway station, at about 9 p.m., 
this same craterlet was the only one which gave a conspicuous 
luminous effect on the sensitive plate, although the outbursts from 
the higher vents were also very beautiful to look at. . It is thus 
evident that on the 18th of January, or one week after the com- 
mencement of the eruption, if not earlier, the principal centre of 
the volcanic activity on the western side was restricted to the lowest 
craterlet. 

The outbursts from the lower eastern craterlets continued to 
give out detonative sounds even at the end of 1914. Thus, on 
Oct. 2nd, 1914, while the author was staying at Komen, an erup- 
tive sound with some shaking effect was perceived at 10.40 p.m., 
the duration being 5 see. 

With respect to the eruptions from the eastern craterlets Nos. 
3D, 4, andi 7 7h) have witnessed from Krokami and the islet of 
Moe-jima several times, on Oct. 2nd, 1914, that the emission of 
thin white smokes was generally accompanied by a very loud detona- 


tion, while the outbursts of black smokes caused only low sounds. 
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Sakura-jima Eruption of 1914; the Craterlets on the Western Eruption Field. (F. Omer photo.) 


” 


Fig. 48. A small Secondary Craterlet formed at a height of 370 m above sea-level, near 
the head of a valley above the village cf Take. (March, 1914.) 


Fig. 49. Explosion Craterlet No. 1 scen from the west where the rim is lowest. The 
remainder of the small funnel shaped hole (1’) is shown near the right hand end of 
the craterlet. (Sept. 1914. EF. Omuri, photo.) 
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Sakura-jima Eruption of 1914: W. Side Lava Source Region. (April, 1915. EF. Omori, photo.) 


Fig. 50. View taken from the top of Yokomine Hill (4) of the disturbed area above the 
curved and broken lava outlet (3). Minami-dake (1) is shown on the back ground and 
Hikinohira (2) on the right-hand side. 


Fig. 51. Broken-up Lava Source (3), viewed from the eastern or higher slope. On the 
back ground is shown Yokomine Hill (5) with some smokes issuing from top. 
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Sakura-jima Eruption of 1914; the W. Side Lava Outflow. 


Fig. 52. Curved Lava Source (shown at the left-hand side) 400m above sea-level, 
whence the downward flow took place along the S. base of Yokomine Hill shown at 
the right-hand side. (April, 1915. F. Omori, photo.) 


Fig. 53. Lower course of the same lava flow, showing the Depression along the middle 
course and the formation of Lava Terrace along the base, shown at the left-hand 
side. (March 22nd, 1914, K. Ueda, photo.) 
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Sakura-jima Eruption of 1914: the Western Lava Field. 


Fig. 54. Lowest Series of Craterlets (x) formed among the lava field, viewed from 
the N. margin at the base of Yokomine Hill. (April 1915.) 


(FE. Omori, photo.) 


Fig. 55. Trees in the temple ground at the top of Atago-yama smashed by the impact 
of the lava fragments projected from the craterlets, The wooden shrine building was 
destroyed and swept off by the volcanic blast, leaving no trace behind. (April, 1914.) 
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Sakura-iima Eruption of 1914; the Western Lava Stream. (Jan. 19th, 1914. F. Omori, photo.) 


Fig.-56. The W. end of the lava flow above the village of Akobaru, showing the soil 
(x) forced up along the front base. In the fore-ground the pumice pieces covered 
the ground to a thickness of 2 feet. 


Fig. 57. he N.W. corner of the same lava flow, showing large rock picces which fell 
down the sloping side. Amongst the others a large parallelopipedal block, with a 
erevice along an edge (xX), still preserved redhot condition inside, 
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Sakura jima Eruptioa of 1914 ; the Westera Lava Flow. (Jan. 19th, 1914. F. Omori, photo.) 


Fig: 58. View of Sakuri-jima from the W., showing at the right-hand side white water 
vapours rising from the lava area which extended into sea. 


Fig. 59. Hakaimagoshi Lava Stream; vapours being sent up from the neighbouring 
heated water surface. On the beach there were found several dead horses and great 
quantity of broken house timbers, 
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17. Small earthquake shocks. Within a limited space at the 
N.W. base of the Akobaru branch lava flow to the N.E. of Hakama- 
goshi there were felt, at the time of my visit to Sakura-jima on 
Jan. 19th, 1914, a very frequent series of small tremors like that 
caused by the falling of a heavy weight on the ground. These 
were quite sharp in character, often causing people standing at the 
foot of the lava masses to involuntarily recede backwards. The 
shocks were extremely local and evidently of a very shallow origin, 
having been not felt on the neighbouring low hill group or in the 
vicinity of Hakamagoshi. 

The phenomena of local earthquakes were also observed on 
the eastern eruption field. Thus, on April 23rd, 1915, I felt the 
shocks of extremely quick nature at the sloping ground to the 58. 
of the craterlets Nos. 3 and 4, as follows:—., _ 

QO. 20. 24 p.m.; duration=2 sec., with sound. 

4. 15. 10 p.m.; duration=7 sec., with sound. ” 

Again, on April 24th, 1915, an earthquake of this type was felt 
on the 8. flank of Nabe-yama at 10.28.58 a.m. The following 
table gives a fragmental list of the earthquakes which I have acci- 
dentally experienced in Sakura-jima or Kagoshima on Jan. 18th, 
19th, and 23rd—26th, 1914. 


TasuE II. Observation of Local Earthquakes. 


: Date Time of See 
Locality. (1914). Oe eran Remarks. 
if. We Oe Sound and shock like that caused 
2.33.10 p-™M. |} by the fall of a heavy body on 
ground. 
Dis 
Close to the N.W. boun- 2.36.50 Do. 
dary of Hakamagoshi | Jan. 18th. Tremors of ground, accompanied 
Dey as Se keaes 9.46.50 by sounds like distant thunders, 
rea |(continued till 2.48.20 p.m. 
3.23.05 Same as the next one. 
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TABLE I]. (Continued ) 


| ogee 
: ( eDaite a Time of Ate 
Locality. LP y1oea\w 1s Oeuurende Remarks. 
| 
| | 
|| Sound followed by sharp tremors 
| 1.89.20 p-m. }like that caused by the falling of 
| a heavy body on ground. 
| | 
| 1.49.05 | Do. 
| | : 
| KO OR {Two booming sounds, with an 
1.52.06 {inter of 1 second between, 
| 1.54.15 e as the shock at 1.39.20 p.m. 
Close to the NW end | Same as the shock at 1.39.20 p.m 
base of Akobaru Lava | Jan. 19th. ae aye) J Two rumbling sounds, with 3 see. 
Branch. | | 1.56.08 ene ee Bi 
| 1.57.88 Same as the shock at 1.39.20 p.m. 
1.59.58 A 
| 2.01.08 A (faint). 
2.02.22 i (Rae 
2.04.34 , (Spa 
| 2.08.45 mM (very faint). 
| 2.12.37 7 (faint). 
3.21.26 p.m a: 
i Ms 3.23.24 3s 
Z 8.42.23 p.m. 5 Duration =8 sec. 
| 2 | Slight horizontal shaking in 
| Jan. 23rd. | 8.49.26 a.m. ae direction. Sj 
| | | i: i 
Jan. 24th.) 5.27.00 a.m. | Slight shock, shaking windows. 
eh eon | Strong booming sound, followed 
| 1.02.19 a.m. by sharp tremors; Duration = 
‘15 see. 
Kagoshima city. | | OO yenes | Do. 
Jan. 25th | Motion parallel to the 
ae | el ae as / direction joining Sa- 
449.34, Do. kura-jima with Kago- 
| shima. 
' ‘ f Faint booming sound, followed 
R2 0) | ~ ’ 
| 4.53.24 ” i tremors. = 
| Strong booming sound, followed 
| Jan. 26th.; 5.58.49 a.m. by sharp tremors; Duraticn= 
7 sec, 


| | 
SE ers Sane n i, eee Jel) eR eel Dd es 
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IS. Activity im Jan. 1914. [n this and the succeeding three 
§ § I give some notes respecting the activity of the different crater- 
lets based on my personal observations during my four trips to 
Sakura-jima, undertaken in Jan. 16th-26th, April 7th-20th, and 
Sept. 21st to Oct. 5th, in 1914, and April 18th to May 7th, 1915. 
The principal outbursts from the western craterlets were brought 
practically to end about the 25th of Jan. 1914, or appro- 
ximately in 2 weeks from the commencement of the eruption. 

Jan. 16th. On the afternoon of the 4th day after the com- 
mencement of the outburst, the greatest activity on the western 
eruption field was shown by the No. | eraterlet, while gray masses 
of dense smokes like cotton balls were also ejected from the mouth a 
little below. The front of the main lava stream, which had been 
at. 105 a.m. on the 15th:about 100 m distant from the beach line 
to the 8. of Hakamagoshi, and had reached the coast probably on 
the afternoon of the same day, was vigorously evaporating the sea 
water and sending up columns of white steam. (See figs. 58 and 
127.) From time.to time explosions of brownish-red smokes took 
place from different points of the cracked surfaces of the lava flows. 
A fairly active explosion vent situated some distance behind 
Hakamagoshi had been of this type till about noon, on the 15th. 

Jan. 18th. The activity on the western side, which had been 
much reduced on the morning, became high from about 11.30 
a.m., the detonations and smoke eruptions being again much in- 
tensified. The main lava stream was on the afternoon of the 18th 
already so far advanced that its front came nearly in contact 
with the islet of Karasu-jima, while its N. side approached to 
within 100 metres of the base of Hakamagoshi. 

Jan. 20th. On the morning,. the emission of the white steam 


from the advancing end of the western lava field was very much in- 
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creased, due doubtless to the further advance of the latter into the 
sea. The front side of the lava flow was submerged to such a 
degree that only the upper edge remained above water. The islet 
of Karasu-jima was already covered up by the lava and its position 
could not be identified easily. Off the new lava coast of Furusato 
and Arimra the water was turbid and ashy green in colour, and 
the sea surface gave out vapours like thin fogs from the streak lines 
due to the currents of heated waters. 

Jan. 21st. The eruption smokes ascended to the height of 
about 38,300 m above sea-level; in Kagoshima the detonations and 
shaking effects becoming again strong from about 5 p.m. 

Jan. 22nd. In Kagoshima, it was again ashy and dusky, the 
detonations being loud. 

Jan. 23rd. The western craterlets, whose eruptive energy was 
greatly reduced, ceased to make continuous outbursts. The two 
upper craterlets became extinct from this date. The white vapours 
rising from the lower portion of the lava area reached to the height 
of 800m. In the vicinity of Krokami the thick smoke emissions 
caused a copious precipitation of mud rain, namely, the ashes 
mixed with the moisture contained in the voleanic clouds. The 
moist ashes were highly acidic in nature such that a bluish sillk 
handkerchief, which I had put around my neck in order to keep 
off the dust, was turned reddish in colour, in consequence of the 
accumulation of the raining mud upon the shoulders. 

At Krokami and Yokoyama the gases had no smell of sul- 
phuretted hydrogen or sulphurous acid. There was no blackening 
of a silver watch even when kept close to the lava streams. 

On the eastern eruption field, the ‘‘chimney,’’ from which 
on the 16th the white smokes-had been vigorously ejected hori- 


zontally towards the downslope, was already much reduced in 
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activity, vapours rising diffusedly and feebly upwards. Looking 
from the top of the old lava moraine forming the N. boundary of 
the Krokami plain, there were, besides the one above mentioned, 
smoke issues from five other sources, respectively corresponding to 
the ecraterlets Nos. 1, 2, 3 (or 3 and 4 together), 5, and 6; the 
outbursts from the craterlets Nos. 3 and 6 being active and emit- 
ting red hot lava from among the black smokes. 

Jan. 24th. Close to the west boundary side of the eastern 
lava field, which was at a distance of about 3 km from the E. end 
of the village of Furusato, a strong disgustful smeil of chlorine was 
perceived on the slope ground, from the beach up to the height 
of 300 m. Especially for the width of about 10 metres from the 
base of the side lava moraine, the ash-layer covering the ground 
was at places moist and had thin yellow incrustations These 
circumstances were not verified on the western eruption fields, 
except near the lava sources in the vicinity of Hikinohira. 

Looking from the sea off the south coast of Sakura-jima, the 
eastern No. 1 craterlet was observed to issue feebly some white 
smokes, clearly indicating the hardened source of the lava stream 
which had flowed out from its lower edge. The smokes from the 
other eastern craterlets ascended to the height of about 3000 m 
above sea-level. 

Jan. 25th. The western large No. 1 craterlet was perfectly 
quiet, only thin bluish-white smokes being feebly thrown up. 

1¢. Activity im April, 1914. In the beginning of April 1914, 
namely, 3 months after the commencement of the eruption, the 
outbursts, now limited to the eastern side alone, took place from 
the craterlets Nos. 2, 3, 4, 5, 6”, and 7. (See figs. 79 and 82.) 

April 9th. The lower parts of the side and front of the 


eastern (Arimra) lava outflows were almost constantly crumbling 
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down with considerable violence and loud sounds. In the ground 
to the east of Furusato, the smell of chlorine was excessive as in 
the preceding January. At 0.14.50 p.m. was witnessed from a near 
distance aloud detonative explosion from the eastern craterlet No. 
2, when the lava fragments were thrown out like flying birds, some 
of these taking 8 sec. in descending from the height to which they 
were projected and which would approximately be about 250 m. 
This explosion was said to be louder than any heard at Furusato 
during the several preceding weeks. One of the eruptions from 
the craterlet No. 3 threw out lava fragments with steam tails 


simultaneously radiating from among the smoke masses, as is 


Fig. 60. A small outburst from the eastern No. 4 craterlet: projection 

of lava blocks trailing a tail of gas and vapour. N...Nabe-yama top. 
sketched in fig. 60. On the evening several faint but distinct 
eruption sounds were heard in Kagoshima. 

April 10th. In Kagoshima the sky was cloudy on account of 
the ashes thrown out from Sakura-jima. The sounds were slight 
but almost incessantly heard in Kagoshima, often lightly shaking 
the shojis. 

April 18th.. In Kagoshima there was a slight precipitation of 
‘ashes, faint rambling sounds being heard since the morning. 

20. Activity in Sept. 1914. [n Sept. 1914, or 8 months after 
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the commencement of the eruption, the eastern craterlet No. 4 
remained comparatively most active, the craterlets Nos. 3, 5, 6” 


? 


and 7, on the same side exhibiting also occasional outbursts. (See 
figs. 86 and 87.) | 

The coast side or the advancing front of the lava field in the 
Arinra district crumbled down with rustling noise from time to 
time in much the same manner as in the preceding April; the 
black rock masses here and there visible being the new lavas forced 
out of the cracks of the older flows. 

Sept. 22nd. In Kagoshima, between 8 and 9 p-m., low rum- 
bling sounds were heard twice. During the night, the eruptions 
on the eastern side rendered the sky slightly luminous so that the 
outline of the mountain seen from the west was just discernible. 


} 


is 


Fig. 61. Outline of Sakura-jima seen from the South, on Sept. 24th, 1914, 
indicating smoke issues from Minami-dake (M), and the eastern 
craterlets Nos. 3 and 4, when the latter remained quiet. 


ie 


Fig. 62. Outline of Sakura-jima seen from the North. (K... Kita-dake. ) 
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Sept. 23rd. While the author was standing on the top of 
Hikinohira, rushing sounds were heard at 1.23.20-24.10 p.m., and 
also at 1.31.20-31.40 p.m. The smell of sulphurous acid and other 
gases became much weaker than in the preceding April. 

Sept. 24th. It was cloudy, perfectly calm, and sultry. While 
looking toward Sakura-jima from the upper story of the hotel 
Nagamine, in the town of Tarumizu, I observed at 5.45 p.m. a 
moderate-sized gray smoke-column rising from the craterlet No: 7 
at the 8... base of Nabe-yama, situated at the height of 140m 
above sea-level; the booming sound, of 3 sec. duration, was fairly 
loud, yet caused no shaking of the shojis (paper-covered sliding 
doors in Japanese houses). By the time when the sound was 
heard at Tarumizu, which ought to be about 26 sec. after the 
moment of occurrence of the outburst at the origin as stated below, 
the smokes rose to an elevation equivalent to the four-fifths of the 
mountain height, namely, some 860 m. Hence the average 
velocity of the smoke ascent in question was approximately 
28 metres per sec. From Tarumizu dull red fires began to be seen 
at 6.25 p.m. about the craterlets Nos. 3 and 4, and during the 
evening the eruptions from these were like gigantic fireworks. 
The craterlet No. 4 (lower) was very active, while the craterlet 
No. 3 (upper) was feeble and often became completely dark. The 
rushing sound caused by the air disturbances reached the place I 
was sitting on the average 26.4 sec. after the first moment of 
appearance of the luminous outburst at the craterlet No. 4. As 
the distance to the latter was 9450 m, the mean propagation 
velocity of the sounds comes out to be 358 m/sec., the air 
temperature at the time being about 24° C. 

Sept. 25th. The weather was rainy andcalm. Looking from 


Tarumizu, the ecraterlet No. 3 was seen from about 11 a.m. to emit 
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up continuously white smokes with rushing sounds, while the 
craterlet No. 3 was very inactive and at times became completely 
quiet. The craterlet No. 7, situated at the S.E. base of Nabe-yama, 
made an outburst at 8.52 a.m. which caused a loud booming sound, 
2 sec. in duration. An explosion from the same craterlet at about 
8 a.m. had been stronger, and caused a shock to the shojis, giving 
out a smoke column of the diameter equal to that of the top of 
Nabe-yama. At about 45 p.m. took place an abundant smoke 
emission from the eraterlet No. 5, situated in the western branch 
of the Nabe-yama eruption crack, lasting for $ hour. 

Sept. 26th. Occasional explosions took place from the two 
craterlets in the lower part of the eastern branch of the Nabe-yama 
Eruption Crack, from whose end a black lava stream was still 
flowing out. Seen during the night the stronger eruptions from 
the No. 4 craterlet sent up the red hot lava pieces at least through 
the height of 350 m, the horizontal radius of projection being about 
3 km. 

Sept. 27th. The day was fine and quiet. Ascending from 
the Yunohama (or Yubama) beach along the W. boundary of the 
lava area, it was noticed that the bad smell of chlorine was 
much less than in the preceding April. Reaching at 9.40 a.m. 
a level nearly equal in altitude to the tob of Nabe-yama, where 
we were 800 m distant from the craterlet No. 3, it was observed 
that the latter was often making pufting noises like those of a 
locomotive ascending a slope, whose frequency was as follows :— 

35 puffs in 25 a) 
DU ties ODO folie Mean, 1 puff in 0.76 see. 
om; 3 60 j 
The mean interval between the successive puffs was thus 0.76 sec. 


When the smokes were steadily issuing from the craterlet in 
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question, it caused no puffing sound. While the author was 
standing at the beach of Yunohama, at 3.09 and 3.45 p.m. two 
strong booming sounds were heard, which were perceived also at 
Tarumizu as detonations with some shaking effects. During the 
evening it was observed from Tarumizu that the craterlet No. 3 
made no outburst, while the craterlet No. 4 was less active than 
in the preceding night. 

Sept. 28th. The weather was clear and perfectly calm. At 
8.24 and 8.25 a.m., I observed from Tarumizu two strong fine 
smoke eruptions from the craterlet No. 4, accompanied by faint 
sound. The time required by the smoke column, which ascended 
vertically, in reaching the height equal to that of the Sakura- 
jima mountain was 46 sec. in the first, and 48 sec. in the 
second ease. The average velocity of the smoke ascent was thus 
approximately 19 m/sec. 

Sept. 30th. In Kagoshima, a booming sound was heard at 
9.93 p.m. 

Oct. 2nd. While going on a small boat from Komen to 
Krokami, and again coming back along the N.E. coast of Sakura- 
jima, I have observed eruptions from the craterlet No. 7 at the E. 
base of Nabe-yama, which took place as follows :—8.20 a.m. 
(twice); 8.29 a.m.; 2.18 p.m.; 2.41 p:m. 

21. Condition in April and May, 1915. On April 22nd, 1915, 
the eastern voleanic vents were found completely quiet, except that 
there was only a slight issue of smokes from the upper part of the 
inside wall of the No. 3 craterlet, while the wall of the No. 4 
craterlet almost constantly crumbled down, causing an uprush of 
brownish dusts. The air was highly flickering below the latter 
craterlet, namely, just above the head of the black lava source 


situated at the lower neighbourhood. From the small eruptive 
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hole lying between the craterlets Nos. 1 and 2, and to the §S. of the 
Canal Zone between these two, there was a copious issue of gases 
with a strong pungent smell. 

Small outbursts on May 5, 1915. For the first time during my 
4th visit to Sakura-jima, since April 18th (1915), there occurred 
on the 5th of May a series of small non-detonative outbursts from 
the No. 4 craterlet, which I have observed from a small boat at 
the vicinity of Krokami, the time of appearance above the Nabe- 


yama top of the successive smoke masses being as follows :— 


‘Time of occurrence. Interval. Time of occurrence. Interval. 
10.29.50 a.m. 10.41.12 a.m. 
‘ a, 50sec) Biles) OS NSEC 
30.45 49,20 
ras, Cee OU 
31.20 43.10 
Be a a) 40) earn en LS 
-32.00 (Strong) 43,298 
 tOU- 9 32 
34.40 44.00 
ee ieee 155 Pere G5 * 
35.23 45.35 
i ede Vecgie ste 67 
36.00 46.42 
eres ia 33 
ios }5) 47.20 
gets De ere OU 
37.28 48.20 
ee TF Me 45 
38.45 49.05 
et erence He par 
39,45 49,32 
wedsts OO en 43 
40.15 50.15 
testo a eit 
40.35 51.25 


aS 1, Ass yee De 
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Time of occurrence. Interval. Time of occurrence. Interval. 
10.52.30 a.m. 11.08.45 a.m. 
o.oo BEC, ; cae ae Oo meee 
53.05 ; WIGS 
tae ey) ee 
53.59 (A pause.) 
. 48 16.50 
54.35 
50 (A pause.) 
55.25 11.55.20 a.m. 
... LO8* 
57.13 (A pause.) 
(A pause.) 0.02.40 p.m. 


Thus the outbursts, which occurred frequently for 27 min. 23 see., 
between 10.29.50 (commencement) and 10.57.13 a.m. at successive. 
intervals of 18to 160sec., became thereafter much reduced in activity 
and were separated by long pauses of 6 to 383 min., till the final ter- 
mination at 0.02.40 p.m. The time interval between the successive. 
moments of the appearance of the smoke masses, which’ reached a 
maximum length after some half a dozen repetitions (marked with 
an asterisk in the preceding list), varied between 18 anid 77 sec... 
with the mean of 46 sec., being longer, namely, 95 to 160 sec... 
only in 4 cases. . 
The smokes, which were not properly dark, but light red in, 
colour in consequence of the mixture of the red dusts falling from 
the craterlet’s side, ascended to the maximum height of only about. 
700 m above sea-level; the explosions being strong enough just to. 


? 


shoot the “‘ cauliflower’’ clouds above the Nabe-yama top. 


22. Summary. ‘The order of succession of the activity of the 


different eastern craterlets was in short as follows :— 


? 


No. 1’.. The ‘chimney’ was probably the earliest in the 


manifestation of activity. The steady issue of the white smokes, 
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which was still maintained on Jan. 16th, 1914, has come to an 
end a few days later. On Jan. 23rd, 1914, the smokes were being 
given out very feebly. 

No. 1. This highest explosion craterlet was the first on the 
E. side to make the real outburst, its activity continuing for 4 or 5 
days. On Jan. 23rd, 1914 it was giving forth smokes feebly. 

No. 2. The double craterlet was making strong eruptions even 
in March-April, 1914. The activity was found completely reduced 
in Sept.-Oct. of the same year. | 

Nos. 3 and 4. When seen on Jan. 23rd, 1914, the No. 3 
eraterlet was the most active among the different craterlets. In 
the following March-April, the two craterlets Nos. 3 and 4 were 
still making very energetic outbursts almost continuously. In 
Sept. and Oct. of the same year, these made explosions from time 
to time, the No. 4 being then the more active one. 

No. 5. Qn Jan. 23rd, 1914, the No. 5 craterlet was found to 
be one of the most active craterlets. It continued to make occa- 
sional eruptions till Sept. and Oct., 1914. 

No. 6. This seems to have displayed its activity only during 
the earlier days of the eruption. 

Nos. 6” and 7. These two craterlets, one of which already 
existed, like those above mentioned, at the time of my first visit 
to Sakura-jima on Jan. 16th, 1914, preserved its activity together 
with the eraterlets Nos. 3 and 4 till the very last epoch in the 
course of the present eruption, occasional slight explosions occur- 
ring. even in March and April, 1915. The lava flow from the two 
eraterlets Nos. 4 and 7 probably took place more or less till the 
middle of 1914. 
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Chapter Ill. Lava Outflows, 


23. Rate of lava flow. The lava of the recent Sakura-jima 
eruption, like those of the 1779 and 1468-76 outbursts, had a low 
degree of fluidity and became quickly coated with crust broken up: 
into angular blocks, being in this respect quite similar to the 
Temmei (1783) lavas of Asama-yama. (See figs. 56, 57, 59, 78, 
89, 103, and 128.) On the western eruption field, the lava began: 
to flow out probably at about 8 p.m. on the 13th of January, 1914, 
and has run down a slope distance of about 2.7 km in the 
subsequent: 11 hours, till the advancing front of the stream was 
within about 500 m from the coast at about 7 a.m. on the next 
morning. Then, the lava reached the coast m the morning of the 
16th, advancing thence into the shallow Kagoshima strait, till it 
covered a distance of 600 m and reached the islet of Karasu-jima 
at about noon, on the 18th. On the morning of the 25th of the 
same month the lava front was found to have advaneed a further 
distance of about 400m. The approximate average velocities of 


the lava progress during these different epochs were as follows :— 


(Jan. 1914.) Mean epoch. 
13th, 8 pm—Il4th,7 am. ... ... Velocity=245.4 m/h. (14th, 1} am.) 
14th, 7 a.m.—18th, noon: .47) 4) so e109... (16th 95 am), 
18th, noon-——25th,noons £ Vy) ake jy eee 2.40, (20nd VO ens) 


The increase with time of the distance travelled by, and the de- 
crease in the average frontal velocity of, the lava stream is 
illustrated in fig. 63; the velocity decrease, which was from 245.4 
to 10.9 metre/h in the course of the 24 days from the 14th to the 
16th, being approximately in the relation of a logarithmic¢ curve. It 
may be remarked that on Jan. 22nd, 1914, the velocity of the 


north side of the lava stream flowing to the south of Hakamagoshi 
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was found to be about 1 foot per hour, which is much smaller than 
that of the frontal motion corresponding to the same date, namely, 


of 2.4 metre/hour. 


On the eastern eruption field, the lava flowed down on the 
4th of March, 1914, already to a submarine point 3 km distant 
from the original coast of Arimra, giving the average velo- 
city of 4 m/h during the time interval concerned. In June next, 
when the soundings were taken by the Imperial Navy, the lava 
front was found to have advanced a further distance of about 1 km, 
giving the average velocity of 0.28 m/h. As may be seen from the 


diagram (fig. 63), this flow velocity was several times higher than 
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Fig. 63. Progress of the Western Lava Stream. 
I: y'=Mean transit velocity of the lava stream in metre/hour. 
y=Extension (length) of the lava stream, in metres. 
[II relates to the mean velocity of the eastern lava flow. | 


936 F. Omori: 


the corresponding value for the west side field, due doubtless to the 
difference in the volume of the moving lavas and the sea-depth off 
the two different coasts of Sakura-jima. 

24, Condition in 1914 and 1915. The western lava field at- 
tained nearly its full extension in the course of one month or so, 
owing to the early cessation of the outbursts from the western 
eraterlets. The eastern lava field, whose submerged portion 
reached approximately the maximum elongation also in a com- 
paratively short time (§ 23), continued to exhibit till the beginning 
of 1915 signs of activity consequent to its forward displacement; 
the terminal front, or the new sea coast, giving rise to innumerable 
vapour issues and to very frequent occurrences of small avalanches 
of the hot lava masses. (See Chapter VIII.) 

Jan. 19th, 1914; Western Lava Field. The sides of the lava 
streams were constantly crumbling down with loud rustling noises, 
and caused each time an uprush of brownish dusts; during the 
night red glares being seen at several points of the lava fields. The 
distance between the §. base of Hakamagoshi and the N. side of 
the main lava stream, which had been about 120 ft. at 2 p.m. on 
the previous day, was reduced to about 12 ft. at 11% a.m. on the 
19th; this space having again been covered up in the course of the 
next I hour, due partly to the shaking down of the lava masses 
and partly to the lateral extension consequent to the settling down 
of the lava along the central portion of the stream. The velocity 
of the downward progress of the lava stream side was then about 
1 ft. per hour. - At the end foot of the N.W. branch stream of the 
western lava area, where it emerges from the valley plong the hill 
groups above Akobaru, there were several large rock pieces which 
had crumbled down the slope (fig. 57). One of these was a mas- 


sive parallelopipedal block measuring 9*9 x 15 ft., which was cleft 
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at a corner to the width of about 4 inches. The exterior side of 
the block was still too hot to -be conveniently touched with hand, 
and had probably a temperature of 60° or 70° C. The inside of the 
block was, however, still in a semi-molten condition, and was red- 
hot to within 1 metre from the edge, representing approximately 
the rate of cooling of the surface lava mass during the 5 days since 
the morning of the i4th (Jan. 1914), when the molten stream had 
reached the place in question. 

The nearest distance between the beach line of Akobaru and 
the outermost base of the branch lava flow under consideration was 
approximately 221m on April 18th, 1914, at the low-tide time, 
while it was found to be 216 m on Sept. 23rd of the same year, at 
a full-tide time. It thus follows that the advance of the Akobaru 
lava stream came to a standstill some time before the middle of 
April, in 1914, or within 5 months after the commencement of the 
eruption. 

Sept. 27th, 1914; Hastern Lava FVield. It was noticed that 
the side and front of the lava flows crumbled down from time to 

to time. ‘The escape of the white fumes from the side moraine of 
the lava at Yunohama, generally from the middle and lower por- 
tions, was limited to the distance of about 300 m from the coast. 
The distance between the W. boundary of the lava field and the 
E. limit of the village of Yunohama, was 542 m. 

April 1915. 19th: when it was raining, thin smoke columns 
were feebly rising from the land lava area to the N.E. of Hakama- 
goshi, while white vapours were abundantly given out from 
the portion projecting into the sea to the 8. of the latter 
platform. 21s¢: On the Arimra side, much white vapours were 
thrown up from several points in the front portions, sometimes ac- 


companied by rustling noises. (See also Chapt. VIII.) There was 
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now no crumbling down of the'side moraine of the lava flow at the 
coast of Yunohama. During an ascent to Nabe-yama on the 22nd, 
it was noticed that there was at its S.E. foot a small area in which 
the trees were dead but remained standing; this being no other 
than the space left uncovered by the lava streams which flowed 
down from the craterlets Nos. 4, 4’, and 5 on the one hand and 
from the craterlets Nos. 6 and 7 on the other. 

25. Lava cascades. [Lava cascades were formed bythe molten 
rock which flowed into the crater or the central hollow space of 
Nabe-yama and along the ravine between the N. side of the latter 
and the §. side of the adjacent Gongen-yama (figs. 84, 85, and 83). 
Unlike the ordinary lava streams of Sakura-jima these are compact, 
giving approximately an even top plane, and not having rugged 
broken up surface, due doubtless to an immediate proximity 
to their source, probably the eastern No. 2 double craterlet, and to 
their formation while the lavas maintained a very high degree of 
fluidity. In the Nabe-yama crater, the inflow of the lavas took 
place principally in two successive stages, the lower edge of the 
cascade being arranged in two steps. 

26. Marginal terrace and side moraine. A lava stream of the 
Sakura-jima type, which continues its progress for a considerable 
length of time, although with a rapidly decreasing speed, is quickly © 
coated with a layer of solidified rocks. As, however, the inner 
mass is hot and flows on, there will be soon left a vacant space 
beneath the surface crust, causing the latter to settle down through 
a more or less considerable vertical distance. If the lava outflow 
takes place along a valley, as in fig. 64, there thus results a sort of 
horizontal or inclined terrace on each side of the central depression 
CFE. The dislocation boundary at C and E may be very steep: 


or may forma gradual slope. Thus at a point on the 8. slope of the 
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Fig. 64. 


Diagrammatic Section of a Lava Stream flowing down a Valley. 
CDH ea Initial surface. 
CUR: Depressed surface. 
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Diagram xatic Section of a Lava Stream flowing down an Inclined Plane. 
BOD ees Initial top surface. 
SEND eee: Depressed top surface. 


elongated 360 m hill above Akobaru, the terrace was 90 m in width 
and its rough surface sloped down at an inclination of about 17’, 
while the lower cliff was nearly perpendicular and about 45 m in 
depth. (See fig. 538.) On the opposite side, at the N. slope of 
Atago-yama above Akamizu, the dislocation took place in three 
successive steps, the upper two of whichtogetherhada depth of 20m. 
If the lava stream expands over a flat ground, the initial surface 
form BCD of the outflow (fig. 65) will be changed by the 
middle subsidence into BFD, leaving on each side a well de- 
fined ridge moraine of rough rocks. The formation of the moraine 
may be marginal or terminal and is to be met with almost always 
in the lower course of a Sakura-jima lava stream. At Yunohama, 
on the §.E. coast of the island, the western marginal moraine had 
a vertical height of about 80m with a side inclination of 35°5. 
(See also § 27.) 
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27. Meight and slope inclination of lava stream. (See figs. 89 
and 128.) The heights and the slope angles of the marginal and 
terminal sides of the new Sakura-jima lava streams, determined 
at different places from measurements with a clinometer and a 


prismatic compass, are as follows. 


ee 


Terminal ‘ Moraine.” I Marginal “ Moraine.” 
Place. a aan Tae — 
Slope Angele, Height. | Slope Angle. | Height. 
3 erin eS aoe fl one ane a eae _m 
Yunohama, at sea-coast. — — 35,5 | 80 
Seto Strait Lava opposite 2 =) He | Z 
chee 30 RPE 75 | 57 
Above Nojiri. 39.°0 | see 39.°5 . —- 
- 41.°O 60 apprx. | a= | = 
|| | 
Akamizu, on shore. == | — | 41.°O 19 
| | | 
¥ , in sea. ~ te | 32.°5 | 1 
| \| 
Bummei Lava, near Nojiri.*| 35.°5 aeen Se | ds _ 


(*) This refers to old lava outflow. 

From the above list the terminal and marginal slope angles 
seem to be practically alike, both varying from a little above 30° 
up to 41°, giving the mean value of 36°. The slope inclinations of 
the side cone Hikinohira and of the upper part of Minami-dake 
(South Peak) are of a practically equal amount, being from 


92 


about 33° to 37°, as shown below. 


' 


eS 


Pliarcie : Slope Angle.* 
Kwannon-zaki, (Terminal.) ‘ 36° 
Tatsu-zaki, near Furusato. (Terminal.) 34° 
Minami-dake (S. Peak), W. slope, near the top. } 33° 
eS , E. slope, my 34° 
; Hikinohira (S.W. slope). 7 37° 
Nabe-yama (N. slope). i 39° 


(*) Measured from the new Military Survey 1/25.000 map of Sakura-jima. 
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The slope angle of the old lava outflows of Bummei period 
(1468-76) and of much earlier dates such as those forming the 
promontories of Kwannon-zaki and Tatsu-zaki is also equal to. 
34° to 36°. The very steepness of the slope (39°) of Nabe-yama, 
which is originally made up entirely of pumice, might have been 
caused by the strong denuding influence of rain. 

The formation of the terminal and marginal sides of a lava out- 
flow is in the first place due to the greater mobility of its inner and 
lower positions ; the top surface layer, hardened into crust, tend- 
ing to lag behind. The final-amount of inclination of the slope, 
however, must be equal to the angle of repose of the volcanic 
material determined by the coefficient of friction of the latter. It 
is probably owing to this circumstance that the inclination angle of 
a lava flow is approximately equal at the terminal and side slopes. 

According to the above given table the maximum height or 
thickness of the new Sakura-jima land lava outflows along 
the side and terminal slopes was 80m. The submarine lava out- 
flow off the south-eastern coast of the island was much greater, 
reaching the amount of 123 m(§ 31). Again the lava accumula- 
tion in Seto Strait attained the total vertical thickness of about 
180 m (Chapter IV). 

28. Soil forced up by advancing lava flow. At the front base 
of the Akobaru branch lava stream the soil was forced up to step-- 
wise terraces with the maximum vertical height of about 7 metres. 
(See the photograph, fig. 56.) This is eyidently the result of the 
advancing lava mass having been more or less abruptly brought to a 
stoppage, which exerted a heavy pressure to the underlying sandy 
or pumiceous slope soil with a small inclination angle (fig. 66). 
At the rest of the western eruption field, a similar effect was not 


observed, either having been masked by the layer of fallen pumice 
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Fig. 66. Hard lava stream (DB) causing the soil (E) in front 
to be forced up. 


and ash or having been not produced on account of an easy down- 
flow. Again, at Krokami the lava flow along the nearly level E. 
base of Nabe-yama was not accompanied by the soil raising. 

29. Submarine lava flow and new-islet. According to the re- 
port from the Tarumizu police office under the date of 
March 6th, 1914, vapours had been emitted two days previously 
from under the sea at three places between Eno-shima and Sakura- 
jima, and the water depth, originally 70 to 80 fathoms, had been 
reduced to 40 to 62 fathoms. It thus seems that the eastern side 
lava stream flowed down into the water and reached, already on 
the 4th of March, 1914, a submarine distance of some 3 km from 
the former coast line. 

In the photograph (fig. 81) taken from Tarumizu on Feb. 
24th, 1914, there is indicated a flat lava islet, which thus had 
been formed prior to the date here mentioned, and which is the 
same as that deseribed in Chapter V under the name of Arimra-jima. 

30. Note on the form of lava outflow. The outflow of lava takes 
place of course essentially in the form of stream lines along valleys 
or lowest portions of mountain sides or bases, both above and be- 
low the surface of sea. The form of a new lava promontory is thus 


determined by the contour of the adjacent sea-bottom. Thus, in 
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Fig. 67. Map showing the Water Depth off the 8S. Coast of Sakura-jima and the Dependence 
of ihe Direction of New Lava Promontories on the Contour of Sea Bottom. 


Sakura-jima 


Bitece Lava flow of Bummei (1475 -1476). 

fa i Lege a Taisho (1914), partly submerged. 

BO ECO oO ss LOO: e:.< Lines of depths respectively of 30; 70; 90; and 
100 fathoms, before the Eruption of 1914. 

2D tO uesss: Lines of equal depths respectively of 25 and 50 fathoms, 
after the Eruption of 1914. 

00M. New lava coast in June 1914, 

ie eee Zones normal to the submarine contour lines. 

Ketan Kwannon-zaki. N Oeecce Eno-shima. 


the case of the recent lava outflow on the eastern side, the main ex- 
tension of the submerged portion is very nearly at right angles to the 
series of the curves of equal depth of 70-90 fathoms, descending and 
converging to the trough zone I, or the deepest portion in the vic- 
inity (fig. 67). Again, the direction of the Moe-zaki, or ‘* Burning 
cape,’’ formed during the eruption of Bummei period (§ 8, in the 
preceding Number of the Bulletin) at the S. W. extremity of Sakura- 
jima, B in fig. 67, is deflected from the course of the same lava 
flow on land, having been bent towards the south-east where 
the sea is much deeper than on the other side. In the re- 


cent eruption, the western lava flow was naturally divided 
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into two courses at the obstacle presented by the islet of Karasu- 
jima, which itself was also buried under the molten mass. 

31. Submieine extension of the eastern lava outflow. [pn fig. 
67 are indicated the lines of equal water depth off the 8. coast 
of Sakura-jima before the eruption, as well as those drawn 
according to the results of the new soundings undertaken by the 
Admiralty in June 1914. It will be observed that after the erup- 
tion the line of 25-fathom depth stretched from the former 103 m 
hill (P in fig. 67) on the original coast between the villages of Seto 
and Arimra towards south a little west for the distance of about 
1600 m from the new margin. The line of 50-fathom depth is 
situated generally not much distant from the above-mentioned 
depth line. In the following table I give a comparison of the 
water depths before and after the eruption at different points along 
the nearly north-south line PQ, approximately forming the axis 
of the greatest submarine lava accumulation, and also along a line 
RS about 1500 m distant from the former island coast and situated 
nearly in the east-west direction (fig. 67). 

Taste II]. Water Depth off the 8.E. Coast of Sakura-jima 
before and after* the Eruption of 1914. 


Along the N.-S. Line PQ. | Along the E.-W. Line RS. 
Dinieeeesred Water Depth. Diane from Water Depth. 
the coast of: |- = - the coast of 
Sakura-Jima. Before. After. Sakura jima.| _—- Before. After. 
; 309m | 5( faticms.| (Filled vp.) | 185™ ____ fathoms. 25; fathoms. 
600 | 60 (Dosim 8032) de 268 7 
740 — Sy dace 402 — 46 
1010a Dee Sono) eat bU 70 = 
1280 88 —_ 770 — 25 
1500 —~ 25 | 1050 — 16 
1930 ae 25 1160 83 ines 
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Taste II].  (Continwed.) 


—_———— ESSE 


Along the N.-S. Line PQ. Along the E.-W. Line RS. 
Distance from Water Depth. Distance from| Water Depth. 
the coast of || the coast of 
Sakura-jima.| —_ Before. After. | Sakura-jima.| Before. After. 
DIIAO™ 90 fathoms. ens intone 1480" 86 fathoms, ___ fathoms. 
2230 — 25 | 1440 — 24 
2410 ad 26 || 1640 ae: 25 
2890 85 pe 1850 89 = 
2980 = 51 —'||_--2080 xt 24 
3330 82 g2 | 2400 at 30 
4660 50 ee 430) 90 ws 
5030 32 = is 82 
| 3420 90 =e 
3430 as 84 
| 4180 93 = 
5250 a 93 


(*) In June 1914. 


As will be seen from the graphical illustrations in fig. 68, the sub- 
marine lava accumulation along the N.-S. line PQ was great for 
the extension of 3000 m from the former 8. coast of Sakura-jima. 
The maximum thickness of the lava layer was about 67 fathoms or 
123 m, such that the depth was reduced from 90 to only 23 fathoms. 
Again, along the E.-W. line RS the submerged lava layer had a 
thickness not much different from 65 fathoms or 119 m between 
the distances of 1000 and 2500 m from the coast of Osumi. Making 
an allowance for the slope of the sea bottom, the submarine lava 
stream seems to form a flat mound of a nearly constant height in 
the transverse section, much similar to the hill group of 120 to 400 
m height situated above the village of Akobaru on the lower base 


of the western flank of Sakura-jima mountain. 
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i {900 200m 3oID 450 @ 5000 Me 


Figs. 68 (upper) and 69 (lower). Diagrams showing Accumulation of Lava at 
Sea Bottom off the 8.E. Coast of Sakura-jima. 


BQ Aess A nearly N.-S. line forming the axis of the greatest submarine 
lava accumulation. 
litshcadoe A nearly E.-W. line at right angles to PQ. 


BB......Original sea bottom. 
AAO. ce New sea bottom, or lava accumulation. 
Vsceuse Depth below the sea surface, in fathoms. 


32. Steaming circle (ares). As will be seen from the sketch 
(fig. 70), which represents the views taken on April 30th, 1915, 
from a height of about 500 m above sea-level near Hikinohira, of 
the lower portion of the eruption field on the western side, a series 
of white small steam columns was issuing from the western portion 
of the lava area between Hakamagoshi and the new Karasu-jima 
bay (k, fig. 71), along a nearly closed ellipse about 100 m par- 
allelly distant from the lava coast, whose diameters were about 
1100 m and,500 m respectively in the N.S. and E.W. directions. 
(See figs. 71, 104, and 105.) The back side of the circle, near which 


there were also two short series of small steam columns, is located 
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some distance outside the former coast line. This ellipse or circle 
of steam, which had already been noticed at the time of the pre- 
sent author’s 2nd visit to Sakura-jima, in April 1914, still main- 
tained nearly the same condition in Sept.—Oct., 1915,* and is 
likely to remain so for some time to come. The vapours, whose 
issue was generally most abundant in the early morning, were some- 
times completely invisible in afternoon hours of fine days, being 


entirely dissolved in the warm air. The steam columns, whose 


Fig. 70. View of the Steaming Circle on the Western Lava Field taken from the 
vicinity of the Lava Source No. 2 to the North of Hikinohira. 


Ne eka ae Hakamagoshi. A nena Coast of prada tes Retos Lava field. 


usual height was 50 to 100 metres, were much augmented in force 
and rose to about 300 m above sea-level, after a heavy precipitation 
of rain as, for instance, on Oct. Ist, 1915. 

The circle of steam is evidently no other than a particular sort 
of the line of dislocation or subsidence, formed inside the boundary 
‘‘moraine’’ of a lava field (§ 26), the sea-water soaked through 
which constituting the white smokes given out along it. The 
width of the marginal terrace, or the space between the lava edge 


and the curve of dislocation CC (figs. 71 and 105), is broader than 


* On Sept. 28th, 1914, the steaming was taking place from about 30 different places 
along the circle situated inside the lava coast line. 
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in the case of the descent of a lava stream along a valley course, as 
the absence of barriers (mountain sides) allows the free side expanse 
of the lava in its first outflow. 


Fig. 71. Plan showing the Position of the Steaming Circle (CC). 
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Lava Field 


Hist Hakamagoshi. OAS ten Coast of Akamizu. Kina Karasu-jima (buried). 
Dotted line between A and H marks the former sea-coast. 


33. Absence of steaming circle on Arimra lava field. A 


striking feature in connection with the steaming circle on the 


western lava field considered above is the absence of a similar phe- 
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nomenon on the much more extensive Arimra lava field, with the 
result that at the end of 1915, the latter became perfectly quiet 
with practically no issue of smokes. The cause of this difference 
seems to be two-fold, as follows :—Firstly, as the bottom of the 


Meier. bold andihe Abhuce ct ton hear eae 
strait between Kagoshima and Sakura-jima is shallow (with the 
maximum depth of only about 23 fathoms) and of a gentle decli- 
vity, the inner hot mass of the lava stream tended to remain in its 
position, and conserve its heat ; while, as the sea off the southern 
coast of Sakura-jima is deep (maximum original depth=90 
fathoms) and of a steep gradient, the interior lava mass must have 
progressed swiftly on, tending to discipate the heat with a compara- 
tively quick rate. Secondly, unlike the western lava field whose 
surface is practically above water, the Arimra lava is submerged for 
an extension of about 4 km, thereby sustaining a weight of water 
column increasing at the top surface near the front margin of the lava 
stream to a depth of about 30 fathoms. This pressure must effec- 
tively prevent the escape of steam from the surface of the submerged 
lava field except in the form of bubbles through shallow water, a 
fact which has actually been observed. 
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34, Temperature of fumaroles. (See Table IV.) The thick 
layer of ashes and sand covering the higher portion of the lava 
streams on the eastern side maintained in 1914 and 1915 still 
fairly high temperatures of over 80° C. This heating effect seems 
to be due to the hot gases and steam set free from the buried lava 
masses which were partly diffused among the pumice bed and loose 
surface deposits, and partly escaped into the air along innumerable 
fissure lines, forming the miniature fumaroles and solfataras. The 
temperature of these latter was sometimes above 100° C, but was 
reduced, with the decline of their force, to a degree not much 
different from that of the ash and sand layer. 

On the western lava field there was no very thick covering of 
ash and sand, and the temperature measurements given in Table 
IV have been made mostly at the vicinity of the lava source to the 
S.W. of the 400 m hill (14 km to the N. W. of Hikinohira), where 
the ridge ground was very much cracked and dislocated, and was 
emitting hot gases of bad smell. In April 1914, one of the small 
fumaroles indicated a temperature of 87° C. In April 1915, the 
ground, where no actual fumarole existed, had in an instance a 
temperature of 76° C, while a fumarole indicated at a 25 cm depth a 
temperature of 90°C. On the whole, it seems that there existed 
no special difference in the temperatures of the fumaroles and sol- 
fataras between the E. and the W. side lava fields. According to 
Table IV, there were cases in which the surface temperature of the 
fumaroles decreased from 87° C to 68° C in the course of one year 
between April 1914 and April 1915, and also from 87° C to about 
70° © during the 5 months, April to Sept., in 1915. Other, 
possibly newer, ones had much higher temperatures of 88°.6 to 
91°.0 at the latter date. 
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Fig. 75. General view of the Eastern Craterlets Series taken from the 8.E. shoulder of 
Nabe-yama, Minami-dake top (M) is shown on the background. 
1’, Uppermost “chimney.” 1, 2, 3, 3’, 3”, 4’, 4, 5 are respectively Nos., 1, 2...5 craterlets. 


(April, 1915. 


Sakura-jima Eruption of 1914. 
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Fig. 74. Western No. 1. Craterlet, showing the bottom and the upper portion of the 
southern side wall. 
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Sakura-jima Eruption of 1914. (EF. Omori, photo. ) 


Fig. 76. Sakura-jima and the eastern outbursts seen from the east, showing amongst 
the others the horizontal ejection of white smokes (x) from the uppermost orifice, or 
the “Chimney ”, (Jan. 16th, 1914.) 


Fig. 77. General view of the Eastern Eruption Field taken from the upper rim of the 
No. 1 Craterlet (1). From the latter a depression zone or Eruption Canal (OSeerncoce4) 
leads toward the Nabe-yama Crack. (April, 1915). ~ 

(N), Highest point of Nabe-yama. (1’), A small craterlet. (2), Craterlet No. 2. 
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Sakcra-jima Eruption of 1914 : the Outbursts from the Eastern Craterlets seen from the north eastern 
or Krokami side. (F. Omori, photo.) 


Fig. 78. Nabe-yama, seen from the N.E., with a lava stream at the left-hand side base. 
(Jan, 23rd, 1914.) 


Fig. 79. Nabe-yama (at centre of figure) seen from the plateau ground of Krokami, with 
the smoke columns rising principally from the No. 4 and the more eastern craterlets. 
The central and 8. peaks of Sakura-jima are shown at the right-hand side. The heads 
of two stone gate posts, near which a man is standing, are shown out of the accumu- 
lated layer of pumice and ash. (April 1914.) 
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Sakura-jima Eruption of 1914, 


Fig. 80. Nabe-yama seen from the E. on Jan. 30th, 1914, the eruptions taking place 
actively from the Craterlets Nos. 2,3, 4,5, and 7. The houses belong to the Krokami 
village. (I. Watanabe, photo.) 


Fig, 81. View of the Sakura jima peaks (left-hand side) taken from the coast of Kaiga- 
ta, near Tarumizu (Osumi). An islet (Arimra-jima) is in existence in front of the 
left-hand side vapour column. (Heb, 4th, 1914. Rk. Higo, photo.) 
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Sakura jima Eruption of 1914. (April, 1914. EF. Omori, photo.) 


Fig. 82. Outbursts from the Eastern Craterlets Nos. 3 and 4 seen from the W. part of 
the top ridge of Nabe-yama (1). . 


Fig. 83. View from the same point of the ash-covered upper part of the lava cascade 
which flowed from the Hastern No. 2 Craterlet to the valley between the W. flank of 
Nabe-yama (1) and Gongen-yama, (2), Hastern side of Minami-dake, 
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Sakura-jima Eruption of 1914 : the Nabe-yama Lava Cascades. (April, 1915. F. Omori, photo.) 


Fig. 84. Lava flow on the N.W. flank of Nabe-yama, seen from Gongen-yama, 


Fig. 85. Lava flow into the interior of Nabe-yama, seen from the opening on the east. 
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Sakura-jima Eruption of 1914; View of the Eastern Eruption Field. (H. Omori, photo.) 


Fig. 86. Nabe-yama and an outburst from the Craterlet No. 4, seen toward the north- 
west from the top of Sakkabira Promontory. The central peaks of Sakura-jima are 
shown on the background to the left-hand side. (April, 1915.) 


Fig. 87. Nabe-yama Eruption Crack seen from the west, with feeble smoke issues from 
the Craterlets Nos. 3 (left) and 4 (right). The beautiful patterns in front are the side 
moraines of the lava flows in the earlier stage of the eruption thickly covered with the 


ashes, (Sept. 1914.) 
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Sakura-jima Eruption of 1914. (F. Omori, photo.) 


Fig. 88. Higher portion of the Eastern Branch of the Nabe-yama Eruption Crack, 
showing the ashy material of Nabe-yama and the new lava layer coated with ashes, 
(April, 1915.) 


Fig. 89. S.W. terminal corner of the Eastern Lava Field, at the beach between Yunc- 
hama and the buried village of Arimra. (April, 1914.) 
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Sakura-jima Eruption of 1914 : the Eastern Craterlets. 


Fig. 90. Craterlet No. 1, seen from the lower or east rim. The bottom is completely 
filled with pumice and sand. 


(April, 1915. F. Omori, photo.) 


Fig. 91. Craterlet No. 4, seen from the ridge separating it from the lower and secon- 
dary craterlet No. 4. At the bottom, a loose-looking mass of lava is shown. 
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Taste IV. Temperature of Fumaroles. 


(Figures within brackets denote the simultaneous air temperature.) 


Date of 


Measurement. Place. Temperature. 


Western Eruption Field. 


Framerate on the ridge to the S.E. of 400 m Hill, 


aE AES above the two small secondary craterlets, 


87.°0.C 


° 
above, 412 m above sea-level : at surface. 68.°0 (22.5) 


Fumarole ata locality nearly identical with the 
April 30, 1915. 


Do. : 4 feet below the surface. 80.°5 


| At the 8.E. base of 400 m Hill, above the lava 


° 
source : ordinary ground, at 1 foot depth. 7G C1218) 


29 % |} Do. : where a slight fumarole was issuing, 90.°0 
at 25 em depth. ; 


let, near Hikinohira. 


of on the W. inner side of No. 1 crater- 88.°3 


Eastern Eruption Field, 


Fumarole orifice, on lava field thickly coated 
April 22,1915. (with ash, at the foot of the slope to S. of | 87.°O. (14°°5) 
No. 1 craterlet, 315 m above sea-level. 
61.°5 ; 68.°8 ; 69.°5 ; 
Sept. 22, 1915. At the same locality as above : feeble fumaroles. 58.°0 (27.°4) 
Do. : fumarole issuing from a fissure 1m 
: Fs long, 4 m deep, and 15 cm wide, at the base of a | | Over Wye 
lava block 1 m in dimension. 
. _ Do. : orifice of a very small fumarole. 74.°5 
: : | eoDo." i : 91.°0 


35. Changes in mountain profile. As may be seen from figs. 
2 and 3 (Pl. XX XIII), the change in the general E.S.E.-W.N.W. 
profile of Minami-dake consists on the western side in a 
height increase to the maximum amount of about 80m for 
the slope below the level of 400m; this being the resultant 
effect of the thick coating afforded by the lava outflow combined 
with the elevations and depressions to which the convulsed region 
in the immediate vicinity of the craterlets must have been 
subjected before and during the eruption. On the eastern side, the 
change has been two-fold as follows :—Firstly, the southern por- 
tion ‘of Nabe-yama had its height reduced, to the maximum 


amount of nearly 100 m (§ 3), probably due in the main to the 
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exploding away of the surface layers of the hill along the Eruption 
Crack ; and secondly, the gentle slope between the craterlets Nos. 
1 and 4 was elevated in height, to the maximum amount of about 
70m, due partly at least to the accumulation of the lavas. 
The marked horizontality of the two new successive ground steps 
between the craterlets Nos. 1, 2, and 3, seems to have been pro- 
duced by the upward overflow of the magma from the second and 
third eruption vents respectively. 

The top outlines of the central peaks of Sakura-jima, namely, 
Kita-dake, Naka-dake, and Minami-dake, indicated in the views 
taken from Kagoshima, were not sensibly modified by the erup- 
tion of 1914. (See figs 9, 10, 11, and 36.) 


@ 


Chapter IV. Blocking Up of Seto Strait. 


36. Blocking up of Seto Strait. A portion of a small colline, 
100 to 200 m in height, projecting toward S.S.E. from the southern 
shoulder of Nabe-yama, remains uncovered by the flowing material, 
with the remnants of smashed forest trees still standing on it. 
This forms, in fact, the boundary between the lava masses which 
spread to the south-east of Nabe-yama and descended into Seto 
Strait and those which, originating from the craterlets Nos. 1 


5 situated to the west of the latter, ran mainly southwards 


to 
and buried the villages of Waki and Arimra and extended 4 km 
further under the sea toward the 8.S.W. The Seto strait lava 
issued, probably on the night of the 12th-13th, Jan. 1914, mostly 
from the craterlets Nos. 6, 6’, 6”, and 7 situated in the Eruption 
Crack of Nabe-yama, and descended along the straight N.-S. valley 
running from the east foot of the latter, through the length of 2 


km to the small plane ground of the village of Seto. From accounts 
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of the eye witnesses, it seems that the molten stream in question, 
which had buried under it the village of Seto, began to discharge 
itself into the bottom of the strait already at about 10 a.m. on the 
13th. When seen 3 days later on, namely, on the afternoon of 
the 16th, the strait water was vigorously sending up dense white 
clouds of vapours. (See fig. 106.) The narrowest portion of the 
strait, about 600 m in length, 400 m in width, and at centre 29 to 
40 fathoms in depth, was quickly reduced in dimension and finally 
blocked up on Jan. 29th, 1914, or 17 days after the commence- 
ment of the eruption; the accumulation of the submerged lava 
mass having then reached up to the water surface and converted 
the Sakura-jima island into a peninsula. 

The blocking up of the Seto strait, which was certainly a remark- 
able event, was, in reality, a very natural consequence of the out- 
flow of a large amount of lava, whose thickness exceeded, not rarely, 
100 metres, which is double the minimum central channel depth 
of 29 fathoms or 53 metres. The further height increase of 
the lava filling the strait progressed at first rapidly, such that it 
rose 04 m above the sea surface, according to the estimation made 
from the photographs taken from a distance at the commencement 
of April, 1914; the hot rock mass, which pressed hard and partial- 
ly crushed the former Osumi coast, rendering impassable the road 
along the latter at an elevation of 4.3 m above sea-level. (See 
fig. 107.) A new road, which was made 36 m above the old, was 
again brought in contact with the lavas at the end of September in 
the same year, when the elevation above the sea-level was 
estimated to be 101 m as stated below. Thus the average rate of 


(a3 


the lava accumulation at the ‘‘strait’’ (isthmus) was at first 
approximately 3.5m per day, reduced in the course of a few 


subsequent months to 0.3 m per day, as follows :— 
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Between the 14th and 29th, Jan. 1914......... (au) 8050 in / date 


rm Jan. 29th and April 12th, 1914..5......07:. O69 tae 
4 April i2theand Sept, 27th; 1914 wae. O33 bd 


Since September 1914, there was no remarkable alteration in the 


co 


condition at the ‘‘strait’’; the result of a simple triangulation 
executed on April 25th, 1915, with respect to the highest point of 


the Seto lava, being as follows :—the elevation above sea-level= 


105m; the horizontal distance from the Osumi coast=170 m. 
(See fig. 92.) 


Fig. 92. Diagram showing the Approximate N.S. Cross Section in April, 1915, of Seto 
“Strait” at its narrowest portion. 


Ls cies Original Seto (Sakura-jima) beach ground. _II...... New lava accumulation. 


Auer Tobashira promontory (lower part of Sakkabira), Osumi. 
Site Former sea surface at the Seto strait. 


The variation witb time of the height of the Seto strait lava 
is illustrated in fig. 95. The height (= h) in question can also be 
estimated roughly by comparison with that of the Sakkabira 
hill (h’= 324.8 m) from the pictures taken from sea respectively 
on Sept. 27th, 1914 (fig. 17), from a distance of 6 km to the 
8.5. W., at 1m height, and on Sept. 29th, 1915, from a distance 
of 13 km to the $.W., at 4m height. We have: nh=h’+ 
(n—1)d, in which n is the ratio of the apparent height of Sakkabira _ 
to that of the Seto strait lava as measured from the photograph, 
and d the height below the visible horizon. The results of calcula- 
tion are as follows: — | 

Height of Seto strait lava, on Sept. 27th, 1914101 m. 
“ sy moeptr 20th; 1915==106 
As stated before, the height in question was 105 m on April 25th, 


The Sakura-jima Eruptions and Earthquakes. III. 955 


1915; it follows therefore that the elevation of the Seto strait lava 
was not much increased during the course of the next 5 months. 
37. Contact length. (See figs. 93, 94, and 96.) On April 
12th, 1914, the contact AB of the Seto lava with the Osumi coast 
was 1200 feet in length, being continued on the east end to a hot 
water area BC, which was converted at low tide time to a pond 690 
feet in length. In September of the same year, the latter was also 


almost entirely filled up, so that the contact became 1830 feet in 


Fig. 93. Plans showing the Increase of the Contact Length and the Extension 
of the Seto “ Strait ” Lava Outflow. 
The upper figure relates to the condition on April 12th, 1914. 
The lower figure a Fy April 25th, 1915. 
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The numbers indicate in metres the distances of the points B, G, H, and ©, G’, H’ 
from the western end ‘A of the contact line. 
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length, with a new adjacent pond CD on the east end. Since then 


(3 


the extension of the Seto ‘‘strait’’ contact was only slightly 
increased, being, on April 25th, 1915, of the length of 2000 feet, 
continued to the pond CD, 840 feet in length. The average daily 
rate in 1914 of the increase of the contact length was 5.0m in 
February and March, and 1.2m in April to September, further 
reduced to 0.24 m in Sept. 1914 to April 1915, as follows: — 

Jan s2oth ton prilel Oth 019 14 ee eee, 5.0 metres/day. 

Api tose pie Zot: |e eee LeZ x 

Sept. 25th, 1914, to April 25th, 1915...... Q. 24 a 

38. Extension of Seto strait lava. (See figs. 93, 97, and 103.) 
The total extention, that is to say, the direct distance between 
the western or Sakkabira end of the Seto ‘‘strait’’ and the eastern 
extremity of the lava outflow opposite the coast of the village 
of Ushine, was in April, 1914, about 6840 feet, while the new 
lava islets at the apex extended for a further distance of 240 feet. 
The total length was increased to 7280 ft. on Sept. 25th, 1914, and 
to 7950 ft. on April 25th, 1915; in other words, the Seto lava 
stream progressed, during the interval of the 12 months between 
April 1914 and April 1915, about 1100 ft. eastwards, giving the 
following rate of linear elongation : — 

Apmil 4th to Septezothel oi 0.82 m per day. 

pept. Zoth, 1914 to Apml 25th, 1915... 0,97 


Thus the average change rate in the total length remained, between 


?) 


April 1914 and April 1915, nearly steady and equal to 0.9 m per 
day ; while that during the first 3 months, between Jan. 13th and 
April 14th, 1914, was of course much higher and equal to 23 m 
per day approximately. The slow progressive movement of the 
lava has thus been continued already for 14 years. 


A fact of special interest is in connection with the small 
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detached rocky masses or islands, which are none others than the 
‘lava islets’’ each with a peculiar cleavage canal (Chapter V). In 
April 1914, the islets, which had been formed at the apex of the 
lava outflow, stretched, in the direction of the prolongation of the 
latter, for a space of 240 feet. In April 1915, however, the corres- 
ponding distance was increased to 690 feet. This fact leads to the 
conclusion that the islets in question stand on the front submerged 
base of the lava stream, whose gradual forward movement was 
probably the cause of the increasing distance between the foremost 
islet and the promontory. 

39. Current and water temperature at Seto ‘ strait.” On 
“April 12th, 1914, at 4 p.m., the temperature of the sea-water along 
the Osumi coast was Ale-0 C. at the mouth, and 25°.5 at the mid- 
length of the Ushine bay*, being increased up to 52°.0 at the head 
of the latter. In the steaming pond BC (fig. 93) the water 
temperature varied between 62° and 73° C., while the maximum 
value of 90° C. was verified at its source B. When observed 
at a little past 4 p.m., just after the time of the lowest 
tide, a slight current was issuing out from the latter 
point, suggesting the existence of a possible water communica- 
tion through the masses of the lava filling the ‘‘strait.’’ This 
supposition was, however, obviously not true, as will be seen from 
the facts observed on Sept. 25th of the same year. On that day, 
at 2-3 p.m., when the tide was falling, hot waters of 90°.6 to 93°.7 C. 
in temperature were streaming close to the coast of Osumi out 
of the foot of the western or Tarumizu side of the Seto lava. 
At the same time, there was also an outflow of water on its eastern 
or Ushine side. Again, at the source of the steaming pond adjacent 


to the eastern end of the contact line, hot waters of 88.°5 C. was 


* The bay newly formed between the Seto strait lava promontory and the Ushine 
(Osumi) coast. 
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Fig. 94. Plan showing the condition of the Contact Line at Seto 
Strait in April 1915. 


Ss ees ¥-----—- sag aPS Bee ae 
; 703" 96” 73 
ieee. Seto strait lava. A (west)-I (east)...... Coast of Osumi. 
JMO RER: Contact line. CAD eck Steaming pond. 
Dee Beach which was dried up at low tide time. 


streaming out from among the lava masses with a velocity of 
about 0.38 m per sec.; while, at its outlet channel, about 2 m in 
width and 0.3 m in depth, the water with a temperature of 68:°5 C. 
was flowing out at the rate of about 0.45 m per see. 

Observations made on April 25th, 1915. (1.) Eastern End of the 
Contact Line. (See fig. 94.) At 2p.m., (air temperature=17°.5 C.), 
when the tide was rising, the steaming pond CD, 340 ft. long and 
160 ft. wide, was completely isolated from the external water body 
of the Ushine bay by the contact, at DE, of the sandy beach of the 
Osumi coast with the lava promontory L for the length of 250 ft., 
continued further to a narrow canal EF for 240 ft. At the head 
C of the pond CD, hot waters issued from among the lava masses 
and were flowing down or eastwards, the temperatures at the diffe- 
rent points ‘beéing..82'.0; 817 7 78.5; 77°.5,C., ete. “At the 
same time, there was at the lower end D of the pond, narrowed 
into a sort of small inlet, 4 m in length and 1m in width, an in- 
ward or westward flux of water, whose velocity was 0.3 m per sec., 
the temperature being 75° to 72°.5 C. At the point between C and 
D diametrally opposite the side of the lava mass the water tempe- 


rature was only 63.°0 C. In the canal EF, the water temperature 


bia EX. 


Diagrams illustrating the Increase in the Height, the Contact Length, 
and the Total Extension of the Seto “ Strait” Tava. 


(Jan. 1914 to May 1915.) 


Fig. 95. Height of the Seto “ Strait” Lava above sea-level. 


Fig. 96. Length of the former Coast of Osumi in Contact with the Seto 
“ Strait” Lava. 


Fig. 97. Extension of the Seto “ Strait” Lava between its E.N.E. Front 
Edge and the Sakkabira Promontory. 
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Fig. 96. 
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Fig. 97. 
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was 53° C. at E and 57° C. at F ; while at the opening, or mouth, 
of the Ushine bay, the temperature was reduced to 20.°8 C. (II.) 
Western End of the Contact Line. (See fig. 98.) At 5 p.m., (air 
temperature=15°.0 C.), when the tide was still rising, the water 
temperature along the west end margin (AB) of the Seto 
strait lava was 877.5 to 89°C. at the Osumi coast, and 83°.5 to 


83° at the points p, and p, respectively at distances of 7 and 29 m 


Ve; from the latter along the 
lava border. At the points 
ee S85 > bh ps and p, at the further suc- 
15” cessive distances of 15 and 
Bee Aes 0 i, 13 m, the temperature was 
3 
: [rol 40: bos LOMO On) Cs 
‘ Re 
| Ae Thus, the water tempera- 
sa aieere 3.83 p ture was high and above 
Le, 

Sez ! 80° C. along the lava side 
22 for the length of about 40 
metres from the old coast. 

eee an eens , At a southward distance of 
7 
Cc AL P about 500 m along the 


Fig. 98. Sea-water temperature along the Lava latter from the Tobashira- 
margin at the W. End of the Contact Line. 

Bip aceneeat cum, hana, or the western 
junction of the Seto ‘‘strait’’ lava and the Osumi coast, the 
temperature was reduced to 20.°0 C. 

According to the observations described above, the slight 
currents of hot waters at the Seto ‘‘strait’’ (isthmus) took place 
at alow tide time simultaneously from the two opposite ends of 
the Contact Line and directed outwards, or away from the centre 
of the latter. More correctly it may be said that the currents 


under consideration were simply the hot waters permeating the 
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interior heated portion of the lava mass caused to run out 
gradually when the sea-surface got lowered in level. 

The manifestation of a very high sea-water temperature, of 
maximum value of 93°.7°C., at the two ends of the Seto strait 
contact line probably depended, amongst the others. on the notable 
accumulation of hot lava masses combined with the special closed 
nature of the small bay or inlet formed by the junction of the 
latter with the coast of Osumi. According to the observations 
made on April 25th, 1915, the temperature along the western mar- 
gin of the ‘‘strait’’ Gsthmus) decreased to some 50° C. already 
with a distance of roughly 30m from the contact line, or former 
coast of Osumi. It is likely that the general heating effect on the 
sea-water at Seto was not materially different from that at those 
portions of the Arimra lava field, where the progressive movement 
of the new coast was active, and where the water indicated a 
temperature of nearly 60° C. in Sept. 1914. 

The sea water temperatures measured at both ends of the Seto 
strait contact line on the three different occasions are compared in 


the following table :— 


Date. ; | 
Bland ae eae April 12, 1914. Sept. 25, 1914. April 25, 1915. 


At W. end of Contact Line. _ 93°.7 C (84°.3.C) | 89°.2C (87°.2 C) 
ep heer ¢ 90°.0 0 88°58. (79°.1..) gf B20, Keo ee 
In the outlet (short small canal) 
{ci Steaming Pond at E. end of 52°.0 687.5: . (597.1). 6700" 15.2 ae 
Contact Line. 
At the mouth of Ushine Bay. 21°.0 -- 20 7S Lo Omen) 


To make a strict temperature comparison, the influence of the an- 
nual variation must be taken into account. According to Chapter. 
VII, the mean daily sea-surface temperatures in the Kagoshima 
harbour, corresponding to April 12th and 25th, and Sept. 25th, 
were in 1910-1912 respectively 16.°5, 18.°3, and 25.°9 C; being 


Sakura-jima Eruption of 1914. (Sept., 1915. FE. Omori, photo.) 


Vault formed at the bottom of the Eastern Craterlet No. 4. 
(4), Craterlet No.4. (4’), Craterlet No, 4’. (L), Lava field. 
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Sakura-jima Eruption of 1914 : the Laya Sources on the Eastern Eruption Field. 


Fig. 100. U-shaped Lava Source immediately below the Craterlet No. 4’. 


(April, 1915. F. Omori, photo.) 


Fig. 101. A Depression Cavity at the bottom of the Eastern Branch of the Nabe-yama 
Eruption Crack. 
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Sakura-jima Eruption of 1914. (April, 1915. F. Omori, photo ) 


Fig. 102. The most eastern Craterlet (Lava Source) No. 7, formed at the lowest end of 
the Nabe-yama Eruption Crack, with the lava field extending toward the §, E. 


Fig. 103. ‘The eastern end of the lava flow which has filled up the Seto Strait, seen from 
the coast of Ushine (Osumi). he new lava islets of Ushine-jima group are also shown, 
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Sakura-jima Eruption of 1914: the Western Lava Field, Showing the Steaming Circle. 


Fig. 104. General view of the lava field, taken from Kita-dake, showing the Steaming 
Circle at the front and the Hakamagoshi (2) and the hills above Akobaru and Koike at 
the right-hand side. (1), Lava Source No. 3. (Jan, 3rd, 1915. K. Ueda, photo.) 
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Fig. 105. The N.W. portion of the lava field, looked down from Hakamagoshi. 
(April, 1915. EF. Omori, photo.) 
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Seto Strait after the Sakura jima Eruption of 1914: (E. Omori, photo.) 


Fig. 106. Condition 4 days after the commencement of the eruption: the lava, which 
had flowed down into the bottom of the strait between Osumi (leit, obscured by smokes) 
and Sakura-jima (right) was vigorously evaporating the water. (Jan. 16th, 1914.) 


Fig. 107. 3 months after: the strait completely filled up by lava, whose elevation was 
50 m above sea-level, and which was steadily pressing against the coast of Osumi (left). 
The steaming pond was a portion of sea isolated at a low-tide time. (April, 1814.) 
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1.°8 and 9.°4 © higher for the two latter days than for the first. 
Applying provisionally these corrections to the temperature ob- 
servations at Seto on Sept. 25th, 1914, and on April 25th, 1915, 
we get the results enclosed in brackets, which may be compared to 
the different quantities for April 12th, 1914. It will be seen that 
the corrected sea-water temperatures along the different parts of the 
Seto strait lava did not much vary between Sept. 1914 and April 
1915, the maximum value being about 80°C. This is about 10°C 
lower than the corresponding temperature of 90°C for April 1914, 
probably indicating the decline in the heating capacity of the lava 


mass in question during the 5 subsequent months. 


Chapter V. New Lava Islets. 


40. New lava islets. (See figs. 114 to 117.) The recent erup- 
tion was not followed by a formation of new islands of more or 
less considerable dimensions, as was the case with the Sakura-jima 
catastrophe of 1779. There appeared, however, a number of iso- 
lated massive rocks or islets, off the different new promontories of 
the Ist stage lava area. These islets, of which there is one on 
the Arimra or §.E. side and several are at the Ushine end of the 
Seto strait lava, are each rather a group of rocks composed of two 
parallelly arranged halves, either completely or partially separated 
by a well cut central cleavage crack or canal, the lavas at whose 
two side are curved outwards. I give next a short description of 
these new lava islets as examined in April 1915, their positions 
being indicated in fig. 2 of the preceding Number of the Bulletin. 

The Arimra-jima* (fig. 108) is about 12m high and 16m 


* Provisional denomination. Jima or shima means island or islet. 
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long. The central canal (AB), in the S.E.-N.W. direction, which 


divides the islet into two longitudinal halves, is deep and narrows 


towards the 8.E. end, where it is 2.4 to 4.1.m in width and is 


Fig. 108. Plan of Arimra-jima. 


Height=12 m. Length=170 m. 
AB ees Cleavage canal. 
(Arrow points toward N.) 


filled with sea-water for the 
length of about 42 m. The 
lava forming the walls of the 
canal is-curved down out- 
wards, such that the islet pre- 
sents a highly interesting 
shape, the 8.W. exterior side 
surface (S) being composed of 
nearly vertical lava columns. 


The group opposite Ushine is 


composed of 7 new islets, of which the Oshima is the largest and is 
about 20 m in height and 150 m inlength. (See fig. 109.) This 


latter is nothing other than the southern half of the lava mass, 


whose longitudinal canal runs in an 
W.N.W.-E.S.E. direction, and, forming 
a sort of channel, divides the Oshima 
completely from the 6 small islets form- 
ing the northern half arranged in a line. 
The walls forming the two sides of the 
channel are at places nearly perpendi- 
cular and are exceedingly beautiful, 
being composed of upright or oblique 
rows of slightly twisted or wavy 
slender bars of lava. (See fig. 115.) 
Where the cleavage side is not broken 
up into columnar pieces, we find 


often the lava surface thrown into 


4 


B 


Fig. 109. Plan of new Ushine- 


Oshima (1). . 


jima lava-islet group. 
Height=20 m. 
~(Length=150 m. 
eee Cleavage axis (canal). 
(Arrow points toward N.) 
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curious wavy conchoidal shapes, as if formed of a number of 
gigantic scallop shells. (See fig. 114.) 

The Nagasaki-jima,* which is situated to the N.W. of the 
Ushine-jima, is 15 m in height and 160 m in length, and has a 
complex shape as indicated in 
fig. 110. Itis halved by the 
cleavage crack rr in a nearly 
N. and-S. direction, and 
the western portion is further, 
divided normally by the nar- 


row canal pg. The latter is 


composed of two parallel por- 


tions, of which the larger is 


Fig. 110. Plan of Nagasaki-jima. 
Height=15 m. Length=160 m. 


TT epee Cleavage canal. ¢...... “ Hence.” : 
(Arrow points toward N.) in length ; the boundary be- 


about 5 min width and 50 m 


tween the two being composed of a thin vertical layer ¢ of upright 
columnar lava 2 m in height, with the appearance of a fence made up 
of stone or wooden posts. (See fig. 116.) 

41. Origin’ of lava islets. The different new lava islets, which 
already existed at the time of the present author’s second visit to 
Sakura-jima, in April 1914, had probably been formed in the course 
of one or two months after the commencement of the eruption. 
According to fig. 81, the islet of Arimra-jima seems to have made 
its appearance already at the commencement of February 1914. It 
followed naturally that some of the islets have again been gradually 
buried under the advancing lava streams. Thus the . picture, 
fig. 117, which has been taken at the end of April in 
1915, represents the eastern portion of a large new lava islet 


40 m in height, which had been formed off the coast of Ushine, 


Provisional denomination. 
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and whose other end. has already been covered up by the advancing 
promontory. Again, the three small islets formed some distance 
to the east of Yunohama, which I had seen in April 1914, 
subsequently disappeared under the lava field, and indicated 
no trace of existence at the time of my next visit one year after. 
“It is hereby to be noted that some amount of pumice and broken 
pieces of straws, bamboos, sticks, etc. were found on the different 
lava islets. On the very top of the Ushine Oshima, at the height 
of 20 m above the sea surface, there were found amongst the others 
a thick rectangular wooden plate of 12x 25x4 cm in dimensions, 
and a number of large pumice pieces 15 em in maxifnum length, 
one of which had been caught and partly crushed among the broken 
lava blocks. On the other hand, the ordinary lava streams were 
strewn with no fragments of floating materials except at or near 
the height reached by the tides. These facts seem to indicate that 
the lava islets were raised from under the water, the rate of eleva- 
tion having probably been quick enough to complete the formation 
of the cleavage canal while the lava mass still retained its molten or 
plastic condition. 

At the times of my examination, there was no fumarole or ° 
solfatara on the lava islets. ‘There was, however, on the top of 
the second largest among the Ushine islet-group an evidence of 
the existence at an earlier date of the issue of highly heated gases 
or vapours ; the surface of the lava mass being, along certain fissures, 
covered by a wax-like glaze coating of dark green colour in the 
fashion of miniature stalactites. 

The lava mass making up the islets in question is, unlike the 
material of the ordinary lava streams, of an uniform composition 
and somewhat loose and brittle throughout, and has a characteristic 


of being broken, inside as well as at the surface, into slender 
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wavy rods. This is probably due to the formation of the islets in 
consequence of the steady upward squeezing out of the magma, 
under a continuous high pressure, from a narrow slit or point 
opened either directly at the sea bottom or at the hardened 
upper surface of the submerged lava stream. If the orifice O (fig. 


111) be small, the principal weak lines or surfaces in the molten’ 


Diagrams illustrating the formation of the stream lines, cleavage surfaces, and folds. 
Figs. 111 and 112 relate to the case of a small orifice, and fig. 113 to the 
case of a comparatively large orifice. 


O..,...Orifice in the hardened.lava crust. 
Arrow indicates the direction of lava flow. 


07 ol 


Fig. 111. Fig. 112. 


material pushed up will be a system of diverging curves. As the 
secondary weak places will be concentric surfaces formed normal 
to these, the lava mass will be fissured in the form of curvilinear 
columns as sketched in fig. 112. If the pressure with which the 
lava is squeezed out be very great, the whole mass would acquire 
some wavy arrangement in direction of the issue ; giving the lava 
surface the scallop-like shape before mentioned. 

When the orifice (fig. 113) is comparatively large, and the 


lava is pushed up easily, then the molten mass will acquire foldings 
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cgmposed of a series of broad concentric ares or portions of spheri- 
cal surfaces, as is beautifully exhibited at portions of the ridges 
of the new Arimra-jima. The forms of this type were also found 
in a more or less clear manner at the N.W. corner of the western 
lava field, which projects from the S. base of Hakamagoshi 
into the Kagoshima channel ; being the results, in this case, of the 
quiet oozing out of the molten lava mass, under a great horizontal 


pressure, from the end or side of the earlier lava streams. 


Chapter VI. Volume Densities of Sakura-jima Lavas. 


42. Volume density of lava.* Suppose a more or less porous 
piece of lava, of weight=W, to be immersed in water and to ab-. 


sorve moisture to the amount of W’—-W. If W”’ denote its weight 


a = ¥ 


* The results of some of the chemical analysis of the recent Sakura-jima ejecta carried on 
at the Imperial Geological Survey and the Fukuoka Mining Bureau are as follows :-- 


(3). A dark lava piece 
< mys 1). Ashes collected eae 
Composition. ( if Kagoshima, (2). Lava. round puthe eu 

Si Oy | 63.39 60.59 58.72 

Aly O3 16.75 17.77 21.83 

Fe, O, | 3.10 1.23 3.02 

FeO 4.00 5.59 6.37 

Ca O 5.38 6.34 6.68 

Mg O 1.43 2.39 0.20 

Nay O | 3.50 3.04 1.21 

Ky O 1.32 1.68 0.47 
Moisture (free). 0.62 0.59 0.31 

P.O | ae 0.08 

Mn O | 0.03 0.24 

Ti O, 0.57 0.71 

S O —~ : 0.23 

POs | 0.20 

Soluble silica. | Nye} 


? * 
(1) and (2) are quoted from Prof. D. Sato’s report on the eruption of Sakura-jima given’ 
in the Bulletin of the Imp. Geol. Survey, 1914, and (3) from Dr. N. Ishikawa’s account of the 
same volcanic disturbance given in the Sakura-jima Number of the Tokyo Geographical 
Society publications, 1915. 
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Sakura jima Eruption of 1914 ; New Islets at the E. extremity of the Seto Strait Lava. 
(April, 1915. EF. Omori, photo.) 


Fig. 114. “Inner” side of one of the small islets of the Ushine-jima group. 


Fig. 115. “Inner” vertical side of Oshima, or the principal islet, of the Ushine-jime group. 
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Sakura-jima Eruption of 1914 : New Islets at the E. extremity of the Seto Strait Lava. 
(April, 1915. F, Omori, photo,) 


Fig. 116. The central longitudinal Cleavage Canal of Nagasaki-jima islet, showing the 
vertical fence-like partition wall at the middle. 


Fig. 117. Outer side of a lava islet, whose W. half has been buried under the Seto 
Strait lava outflow. 
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in water after a sufficiently long immersion, then the approximate 


volume density of lava may be calculated as follows : — 


W 


Volume Density = a ucuiy 


In Table VI, at the end of this chapter, are given the volume densities 
calculated according to the above process of 89 specimens of lava 
collected at the recent eastern and western eruption fields of Sakura- 
jima. The water absorption was almost nd for some of the hard 
compact lava pieces, but amounted to 50% or more for some of the 
pumiceous specimens. 3 

It is noteworthy that, for the new lava islets of Arimra-jima, 
Nagasaki-jima, and Ushine-Oshima,° the density is practically 
constant, being mostly included between 2.62 and 2.59, with the 
mean value of 2.60. This uniformity of the density is what may 
be expected from the nature of the islets in question which have 
been formed by the squeezing out of the molten rock from the 
cracks in the upper crust of the submarine lava flows. The volume 
density of the mass of magma existing under the voleano may 
possibly be identical with the mean value of 2.6 here obtained. 

For the eastern eruption field, the density of the rock speci- 
mens taken from the lava flows varied between 2.84 and 1.49 with 
the mean of 2.26; that of the new lava pieces projected from the 
different craterlets on the same side varying between 2.67 and 1.54, 
with the practically identical mean of 2.28. For the western 
eruption field, the rock specimens taken from the lava flows had 
the density of 2.57 to 1.06, with the mean of 2.12. These values 
may probably be taken as approximately representing the average 
densities of the lava composing the main portion of the ‘lava 


streams: say, 2.3 and 2.1 respectively for the eastern and the 
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western eruption fields. By way of comparison, it may be noted 
(Table VI’) that a few specimens of the old lavas forming the higher 
side wall of the eastern No. 1 craterlet and the top wall of Minami- 
dake, as well as those of the Anei (1779) and the Bummei (1475) 
eruptions indicated nearly the same results, the density. being 2.53. 
to 2.16, with the mean value of 2.4. 

The bombs, mostly of bread-crust appearance, had generally 
a low density: the mean value for the specimens collected on the 
eastern and the western fields being respectively 2.0 and 1.3. 

The ordinary pumice pieces collected on the western eruption 
field had the densities of 0.90 to 0.57, with the mean of 0.75.* 

On the whole, the rocks on the western eruption field, at least 
so far as the projected pieces and the superficial portion of the 
lava streams are concerned, seem to have in several instances 
densities slightly less than those on the eastern field. This may 
possibly indicate that the explosive action at the initial stage of 
the eruption was more violent on the western than on the eastern 
scene of disturbance: a supposition which apparently finds support 
in the facts that the first explosive outburst on the W. side took 
place earlier and at a higher level than that on the E. side. It 
seems also possible that the lava on the latter side had a somewhat 
deeper origin or reservoir than that on the former. 

Lava of Swanose-jyima and Nakano-shima. For the sake of 
comparison, I give in Table VI’ the values of the density of the 
rocks of Swanose-jima and Nakano-shima, two of the most con- 
spicuous among the Satsuma voleanic islands. The specimens 
from the crater walls or old lava flows had a mean value of about 


2.6, being equal to that of the rock in the new Sakura-jima lava 


* A fine specimen of very light glassy pumice was found below the lava source No. 3, near 
the Yokomine hill on the western field. 
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islets. The density of the bombs was somewhat smaller, being in 
the mean 2.3 both for Swanose-jima and for Nakano-shima. 

43. Ashes. The volume density of the Sakura-jima ashes, 
generally fine and ashy in colour, determined from a few samples 


brought to Tokyo, was as follows :— 


Data of Volume Density of 
Ash-precipitation. Place where Sample was collected. | Ashes in natural 
condition. 
Jan. 17, 1914. 8. part of the city of Kagoshima. 0.86 
On board the steamer Nishiki-maru, in Kago- 

ny ala shima Harbour. ‘ a 

,, 12-22, ,, N.W. base of Nabe-yama. | 0.95 

eee LPs hoe | Village of Furusato. 1.20 


The following results relating to the volume density of the sam- 
ples of ashes collected at different places in Sakura-jima in Jan. and 
Feb., 1914, are reproduced from the report of the Kagoshima 
Forestry Office on the effects of the eruption on forestry :— 


. Weight per Volume Py 
Locality. ay Density. Remarks. 


momme, (2) 


10 Mixed with sand particles of 


ee enok Am, the size of rice grains. 


Vicinity of Krokami. 8.4 1.0 ” 
On Nabe-yama. 10.0 Be e 
Gongen-yama, (near 3B j PA 
Nabe-yama.) 4 
Wariishi-zaki. 9.3 al Mixing no sand particles. 
- With a comparatively strong 
Vicinity of Yunohama. 7.6 | 0.9 {acidity and mixing pumice frag- 
ments of the size of poppy seed. 
Above Lanohana 7 ak | 0.9 Mixing black sands of the size 
a | |Lof poppy seeds. 
Tobashira-hana (Sak- A. 0.9 
kabira). a2 


59 0.7 Mixing pumice particles of the 


Vicinity of Arimra. size of poppy seeds. 


: | Mixing pumice particles of the 
Coast of Ushine. 8.9 Ll size of rice grains. 
I 


(1) 1 sun=3.03 em=0.1 foot very nearly. (2) 1 momme=3.75 grams. 
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According to the investigations made at the Kagoshima Agri- 
cultural Experiments Station, the real density of the ashes precipi- 
tated in Kagoshima on Jan. 19th, 1914, had the mean value of 
2.63, which is practically identical with the volume density of 
the compact lavas forming the new islets considered in § 42. The 
volume density of, and the amount of the moisture contained in, 


the ashes were as follows :— 


Amount of | : 
Date of Locality of Moisture con- |” ume Density of 
Ash-precipitation. 1 llecti Ashes. tained Ashes (freed of 
(Jan. 1914.) sample collection. ainedin |, moisture), 
Ashes. 
19th. Kagoshima, City. he and ashy aa 0.81 (coarse). 
Be | 1,02 (fine). 
| Ashy white, mixed 
15th. Nishi-Kokbu. with some coarse 10.77 0.86 
particles. 
“4 | Mixed with dark) ie | 
14th, Iwakawa. pumice particles. | 12.71 0.89 
Eastern part of | Fine and ashy A ze 
a yi Sakura-jima. | white. vee Ore 


Comparing together the different results above noted, the 
volume density of the Sakura-jima ashes in the original moisture- 
containing condition is included between 0.7 and 1.2, with the 
mean value of 1.00. The new ash-layer is thus of the same weight 
as water, being some 10 to 12 times heavier than newly fallen 
snow. The volume density of the ashes deprived of its moisture 
is between 0.81 and 1.02, with the mean value of 0.91. 

According to the examinations made at the Kagoshima 
Agricultural Experiments Station, the percentage amounts at 
different places within the Kagoshima prefecture of the solid parti- 
cles in the Sakura-jima ashes of diameter under 0.5 mm, over 


1.0 mm, and over 4.0 mm were as follows :— 


The Sakura-jima Eruptions and Earthquakes. III. 


Taste. V. Total Percentage Amount of Ash-particles 


he (RT, SF) 


of different Diameters. 


Locality. 
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Diameter < 0.5 mm. 


Ewe (PE 5d Yt) Kami-Arada (Kagoshima). 99.8 
Ire JR (BLES Pai ) Akobaru (Sakura-jima). 96.0 
AM ( » db) Shirahama a 97.5 
Be. ( » PPSEB) Yuno ye 98.4 
HTH ¢., mw) Furusato ys 91.5 
ea Meise Nishi-Soyama. (Aira county, Osumi). 92.0 
Bear EN JI] Kokbu. 2 96.9 
WH, FH (heap) Yamada ” 97.0 
we, LARC » )+ Gamo py! 98.5 
2, AC » )+ Mizobe 5p 99.0 
Bll, PEC » ) Yokogawa 34 99.5 
SER, ARLE ( 34 ) Krino s 99.5 
rou JULIO p58) Yoshimatsu - 100.0 
SES, Babe CPS UMES) Takarahe (SO county, Osumi). 96.5 
EEE. Bll CREB) Kanoya (Kimotsuki county, Osumi). 99.9 
BES Pere Takakma Ps 97.5 
37], Ait Tarumizu i 97.0 
me, BE Takakma Fumoto r 96.0 
AEM, AA Hanaoka PA 100.0 
rk, Bp be Shinjo 4 100.0 
He7k, +S)R Tarumizu, Hiiragibaru 2 97.0 
mm) mm 
HLA (AT, ) Locality. Diameter > 1.0 | Diameter > 4.0 
HEE (MLE: UALR) Fujino (Sakura-jima). | 69.5 3.50 
Pai ( fe ) Saido ts 30.0 _ 
je, 4o7 BS Fukuyama. 12.5 a 
Pa Baar Nishi Kokbu. | 20.0 _ 
Pask tra. HIE BA Nishi-Shibshi, | 15.6 7 


272 F. Omori : 
Taste V. (Continued.) 
mm mm 
we OF, ) Locality. Diameter > 1.0 | Diameter > 4.0 

HBI4y, 7) Ft Higashi Kokbu. 11.0 Zs 
tae, ex Tsuneyoshi. 10.0 ae 
Ae, II Ushine. 27.0 12.0 

%9 9 38.8 6.0 

” 7 63.0 14.0 
HE7K, ist Tarumizu. 29.5 1.0 


Referring to the map indicating the amount of the precipitation 
of the ashes in the southern part of Kyushu (fig. 33, in the preced- 
ing Number of the Bulletin), we see that the districts, where the 
constituents of the Sakura-jima ejecta of diameter over 1.0 mm was 
greater than 10%, approximately coincides with the area enclosed 
by the curve of 3 sun (= 9 cm) ash-accumulation. Again the zone, 
in which the amount of the particles of the size greater than 4 mm 
was over 6%, practically coincides with that enclosed by the curve 
At the E. and N. 


extremities of the 5 sun (= 15 em) accumulation area, the particles 


of 30 sun (= 0.9 metre) ash-accumulation. 


of diameter greater than 4 mm were respectively 0.5 and 1.7% in 


amount. 


Taste VI. Volume Density of the new Sakura-jima Lavas. 


Volume 
Density. 


Date of sample 


collection. Locality. 


(1) New Lava Islets. 

2.62 
2.61 
2.60 
2.59 
2.61 


April 25, 1915. Ayimra-jima. 
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Taste VI.  (Contenwed.) 
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cua ee Density 
2.60 
May 5,.1915. Ushine-Oshima. 2.59 
2.36 
x Nagasaki-jima. 2.00 
; 2.07 

(IX) Eastern Lava Flows. 

Jan. 24, 1914. 2.12 
% »9 1.95 
Sept. 27, ,, 2.03 
0 »3 2.54 
r5 09 25E 
3: “ At Yubama (Yunohama) beach. 2.62 
April 21, 1915 2.60 
09 3 2.60 
09 2.61 
re ; 1.93 
» 29, 5, 2.16 
April 12, 1914. 2.37 
Sept. 29, ,, 2.07 
Seto “ Strait’ Lava. : 
%» 0» 1.66 
April 25, 1915. 2.51 
Sept. 29,1914. | Below No. 1 Craterlet. 1.84 
Jan. 23, 1914. 1.92 
r ae : 1.49 
Co Vicinity of Krokami. 5 64 
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TaBLE VI. (Continued. 


Date of sample | : Volume 

collection. Hocaliyy Density. 
Oct. 2, 1914. ' é ; 2.46 
: Vicinity of Krokami. bie 


(tXH) Lava Pieces newly projected from the Eastern Craterlets. 


April 9, 1914. 2.57 
%9 ” 2.25 
4 Z 2S 
03 ” 2.27 
# i Vicinity of No. 1 Craterlet. aoe 
4 - 1:91 
Sept. 27, ,, 2.46 
us i 2.28 
%5 ” 2.18 
%» %9 1.67 
April 22, 1915. | Vicinity of No. 2 Craterlet. 2.08 
ae eed aes * No. 8 “ 2.19 
ed + No. 4’ ;, 2.67 
Jan. 23,1914. | Nabe-yama: N. base. 2.16 
Ori. eae . : N.W. top. 2.2.4 
May 4, 1915. - : S.H. slope. 2.65 
» %9 ” ; 2.42 
% » %9 1.62 
3 a3 : N. base. 1.54 
Sept. 22.) ,, 5 : S.E. top. 2.55 
» 03 » ) 2.44 
(EV) Western Lava Flows. 
Jan. 18, 1914. | Vicinity of Yokoyama. » 1.06 
pr dae SS Near Hakamagoshi. 1.63 
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TapLE VI.  (Continwed.) 


Date of sample : Volume 
collection. Egcality. Density. 


Jan. 22,1914. | Above Akobaru. (SPscimen taken irom) 2.19 
Aprils 2l9i52) | ie pisak 

bP) ” PM) 2.48 
Maye Or as Tora-zaki, or N. W. corner of the lava field. 2.45 


3) She | ” 2.2.7 


2.57 
2.48 
2.47 
2.48 
2.39 
2.32 
2.34 
2.32 
2.99 
2.26 
2.24 
2.09 
1.70 
1.48 
1.49 
1.32 


Sept. 80,1915. | Vicinity of the former Karasu-jima. 


(v) Lava Pieces projected from the Western Craterlets. 


2.16 

April 8, 1915. At Bottom of No. 1 Craterlet. ae 
(VX) Bombs from the Hastern Craterlets. 

Jan. 24,1914. | At the N.W. foot of Nabe-yama. 2.81 

April 23, 1915. Between Craterlets Nos. 3 and 4. 1.94 
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TasLe VI. (Continued.) 
Date of sample , Volume 
collection. Ora aty Density. 
April 23, 1915. | Between Craterlets Nos. 2 and 3. level 
” 25, ” ” ” ” 1.58 
(VIE) Bombs from the Western Craterlets. 
1.34 
April 9, 1914. Near Akobaru. 1.29 
LA9 
(WEEE) Pumice. 
0.90 
: 
Jan. 18,.1914. Near Koike. vee 
0.66 
0.57 


TaBLE VI’. Volume Densities of old Sakura-jima Lavas. 


Locality. here. 
2.53 
W. side wall of Eastern No. 1 Craterlet. 
9.45 
2.47 
Anei (1779) Lava, at Furusato. 
2.34 
eee (1475) Lava, forming the wall of an old craterlet, 9,49 
near Yuno. 2 
2.16 


Minami-dake Top. 
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Taste VII. Volume Density of Lavas and Bombs of 
Swanose-jima and Nakano-shima. 


Lava. 
a) = Volume Density 
j Volume of Bombs. 
Locality. Density. | 
Swanose-jima. 
2.76 2.57 
Lava pieces recently projected, found at the 2.78 ke 
vicinity of Trigonometrical Point. 2.69 ° 2.43 
2.54 2.32 
1813 (3¢4E+4F ) lava flow, at Akazome-ura eee | aoe 
CARR). 2.27 | 1.75 
| 
2.67 2,31 (mean.) 
Lava forming the wall of 1813 (3¢(b-F4F) { 2.56 
craterlet. + I 
2.60 (mean.) } 
Nakano-shima. 
r 
2.60 | 2.67 
2.56 2.60 
2.58 (mean.) | 2.46 
Lava forming the wall of the old crater. | 2.32 
| 
2.10 
| ” 1.67 
| 2.30 (mean.) 


Chapter VII. Heating Effect of the Submerged 
Lava Flows on the Sea Water. 


44. Surface sea-water temperature before the eruption. The 
Kagoshima meteorological observatory carried on, from 1910 to 
1912, the observation of the surface sea-water temperature at the quay 


of the Kagoshima harbour, the measurement having been made 
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once every day at 10 a.m. The 5-daily mean values during these 
three years are given in Table LX, from which it will be seen that 
the absolutely highest and lowest temperatures were respectively 
29°.8 (in Aug. 1912) and 14°.4 C Gn Feb. 1911 and 1912). 

45. Annual variation of surface sea-water temperature before 
the eruption. Table VIII, which has been compiled from Table 
TX gives the mean monthly values of the sea-water temperature at 
the quay of the Kagoshima harbour, for the years 1910-1912. The 
mean high temperatures of 27°.2, 287.3, and 26°.6-C occurred res- 
pectively in July, August, and September, and the mean lowest 
temperatures of 15°.3, 15°.0, and 15°.3 C respectively in January, 
February, and March ; the extreme difference being 33 ae 
changes due to the annual variation must of course be taken ac- 
count of in the consideration of the temperature increase of the 
sea-water around Sakura-jima caused by the inflow of the recent 


lava streams. 


Taste VIII. Mean Monthly Temperature of the Surface 
Sea-Water in Kagoshima Harbour, 1910-1912. 


Seen eee ET aT 


Year| soo | 1911 | 1912 | Mean.) \*°*™\ “isio | 1911 | 1912 | Mean, 
Month. ao ge | a peel i: fb | al cara | Month. Bee, | a | ings) 
“r: |.— isa} 1ss¢/iac | VIL .| 2730 | aric|ersc| rad 

II = | 158.0 (ld 0 16.0 a! VIE) 275.9 | 27°.5 | 29°.6 28°3 
HI — |ise6 | 1520 | 153 | Ix | 25%9 | 271 | 2678 | 267.6 
Iv | i72c Pina ieee ae ool gtk 2874 28.2 BB BBB 
Vv | 207.4 | 6 | 198 |is.9 || xt |2crs | 198 | 20°-7 | 20°.4 
vr, es. |2e9 | as.7 Jas.a | RIT | 172° | 170 | tens ies 


| \ i} \ 
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Taste IX. 5-daily Mean Temperature. of the Surface Sea- 


water in Kagoshima Harbour, 1910-1912. 


= | | i Ws 
; Yi Ce | BY! ar. 
eer) 1atohi 1o)t-P Wie | Mean |) ee 1910 1 1911+)? 1918 Mean. 
Date. | Date 
l BP je 4 peek) kee oF! ° | | | . 
Le oe a DIG.LELIB9C! 1600) | Ree Bey Sea: 
| | } | 21-25 | 21.6C} 20.6C| 2010} 20830 
6-10 | —) “156 | 16.8. 2) 15.7 |) Vv | 
| | | 26-30 |- 21:7 | 211 | 204 | 212 
| 11-15 a Boe SCY SG aa | | 
Lh | | 7 
16-20 = 148 | 152 | 150 | 31- 4> | 229 | 21.4 |.22.0 22,1 
| | | 
| 21-25 = 15.1 | 15.4 | 15.2 | BaF 122,65 -)225) 22.5 |--92-4 
| 
126-30.) oe 15.0 | 145 | 14.7 10-14 | 21.7 | 225. | 23:9 | 22.4 
Se ee eis | 
ean eemeae itd 146.) VI} 15-19 | 28.7) | 23.3 | — -| 23.2 
H | 
Bn pe Me | 149 | 149 | 149 | | 20-24. | 23.6 | 22.6, |'27.5 24.6 
| \| 1 | | 
Vesti bee | 154 | 152, ]15.8 ||" | 25-29 | 242.) 239 | 243. |> 241 
tf-; | | 
15-19 | — 7/156 | 148 | 152 | 30-4 | 25.38 | 23.5 | 25.5 24.8 
| | : | | 
20-24 | — | 144 | 148 | 146 | f 5-9 1258) ..\.260. | 25.88 | 25.9 
625 ee WI. 20 15.0, | } 10-14 | 27.0 | 273 | 281 | 268 
2-6 | — | 148 | 153 | 150 | 15-19 | 28.2 | 28.1 | 27.8 | 28.0 
: | Vil | | 
PoP a Ag See ih ibd ol | 20-24 | 23.6 | 28.9 | 28.2 28.6 
Nigete. A =f ob te mle tas a Te | | 25-29'| 278 |278 | 27.6 | 27.7 
seat | | 
Pyeoy. = 18:6> 147. 125d 30-3 | 28.5 | 27.5: | 29.2 | 28.4 
| | = = 
| 22-26 | — | 15.6 | 146 115.1 | bet @ sas e7.7 \eteG 098.5 
} | 
| 27-81 | — |172 | 155 |163 | 9-13 1.276, /27.3 | 79-5 | age 
| | 
Ea Giewt krone halife em AG Own Shter| | 14-18--|-27.5, | 26.9 | 296 28.0 
a | | VILE | : 
6-10 | 15.9C/ 181 1149 | 163 19-23 | 27.4 | 27.8 | 29.8 23.3 
11-15 | 165 | 184 |153 |167 | | 24-23 | 28.1 | 278 | 29.5 | 235 
av \| | 
16-20 |17.0 | 180 | 169° | 17.3 .| 99-3 | 29.1 | 27.3 | 29.1 23.5 
| = Se Sat = st ie 
21-25 | 18.3 | 18.6 VAs) 18.2 | 3-7 | 27.7 | 27.6 | 29.2 28.2 
26-30 | 18.2 |18.7 | 18.7 | 18.5. | g12 |271 |275 | 23.2 | 27.6 
} | 1 
15 VVeT Pi8A oh 1881820 | 13-17 | 27.4 | 27.3 | 26.1 23.9 
) Tx 
| 6-10 | 205° | 184 || 193 | 194 |] 18-22 | 23.0 | 27.0 | 25.9 26.3 
Vv | ! 
| +15 | 199 | 198 | 193 | 197 | 23-27 | 23.0 | 265 | 233, | 25.9 
| 
16-20 | 205 | 19.6 | 20.6 | 20.2 93-2 | 25.5 | 232 | 238 25.2 
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Taste LX. (Continued.) 


Se wees Year. 
EF) 1910 | 1911 | 1912 | Mean. oo 1910 | 1911 | 1912 | Mean. 
Dates as Date. ~ 
° ° ° ; ° i ° | c ° ° 
3-7 | 246C| 249C} 242C! 24.60 17-21 | 20.30) 19.80) 198C) 20.0C 
8-12 | 23.7 | 23.7% | 234 | 23.6 XI | 22-26 | 202 |186 | 19.2 | 19.3 
. | 
13-1 23.3 | 23.2 | 23.1 | 23.2 7-1 | 194 1188 7193" | Fiee 
x 
18222 | 22.9 | 22.7 1229 | 22.8 2-6 | 182 | 182 119.0 | 186 
23-27 | 22.6 | 21.8 | 229 | 22.4 741 117,.6% 1 176° as 17.9 
28— 1 | 22.38.59 21.35 | 22.7. 122.1 12-16 | 17.1 16.8 | 18.5 17.5 
XII 
2-6 | 22.0 | 212 | 224 | 21.9 17-21 | 168° |.167s8"18-2 Tee 
XT) 7-11 28 20.1 a 21.6 ee 21.0 22-26 1164 | 163 | 183 17.0 
12-16 | 21.4 | 203 | 21.0 | 20.9 27-31 |164 |159 | 17.5 16.6 


46. Surface sea-water temperature in and outside the harbour 
of Kagoshima. }'yom the comparative list in Table X based on my 
observations carried on in 1914 and 1915, it will be seen that, so 
far as the measurements in Jan., April, May, Sept., and Oct. are 
concerned, the surface sea-water temperature at the quay was 
nearly equal to those in and just outside the harbour, in Kagoshima 


Strait, and along the N.W. coast of Sakura-jima. 


TaBLE X. Comparison of Surface Sea-Water Temperatures 


in and out of the Kagoshima Harbour. 


pee _ Place. | Within the | Without the |In Kagoshima ee 
Date. =~ la Quay. | Harbour. Harbour. Strait. (Sakura vieaas 
Jan. 16th, 1914, 18.°0 C | 

.. asthyo ane 2 te lal as ae 16°70 

a ecard aes — a — — 17.2 
April 8th, ,, 16.5 a 17.°0 © 16.°3 C* a2 

9th, ,, 16.4 fs es 16.5 a 
phat (uh mor fs 16.°s C* 17.0 16.6" 16.6* 
gedith, age, — | 16.5 16.5" 17.2 - 
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TABLE X. (Continued.) 


an = oF lace. Quay. Within the Without the In Kagoshima fai Patino. 
ate. a Harbour. Harbour. Strait. ge 
ano (Sakura-jima.) 
April 15th, 1914. i = 16.7 C 16.7 C oe 
ace ae 16.5 C oe = 16.4 ae 
Sept. 23rd, _,, = 26.0* C | 25.6 | 26.1% ee 
Oct. Ist, = 24.5 25.0 | 25.0% . 245 
Oe orde = 24.7 248 | 24.9% 25.0 
April 29th, 1915. _ = HT hy 17.3% = 
Jy LB0thee s 174" | 16.6% 16.6* = 
May 6th, ie 17.7 18.2 | 18.5 18.8 
ef Gbhitas Sed 17.1* 17.6" | 17.6* = 
(Byes. Mean of two or more observations. 


The tables given at the end of this Chapter contain the 
results of the measurements of the surface sea-water tempera- 
ture, which I have carried on around Sakura-jima on the different 
occasions after the eruption of 1914. 

47. Surface sea-water temperature in Kagoshima harbour 
before and after the eruption. [pn Table XI are given the sea-water 
temperatures measured at the quay of, or in, the harbour of Kago- 
shima after the eruption of 1914; the figures enclosed in brackets 
being the corresponding temperatures taken from the list (Table LX) 
of the 5-daily means observed at the quay during 1910, 1911, and 
1912. Itseems that the water in the harbour was, in the latter half 
of January 1914, some 1°3 or 2°C warmer than in the similar epoch 
in the 3 previous years. The water temperature during April, 
Sept., and Oct.,,in 1914, was almost exactly identical to that in 
the ordinary years. Again, in April and May, 1915, there was no 
indication whatever of any unusual heating effect on the harbour 
water to be traced to the eruption. It is superflous to remark that 
the indication of high values of the water temperature in Sept. 1914 
was due to the annual variation of the latter considered in § 45. 


c 
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Taste XI. Comparison of Surface Sea-water Temperatures in 
Kagoshima Harbour before and after the Eruption of 1914. 
(The mean temperature in 1910-12 is enclosed in brackets.) 


o 
& 


| Jan. 


1914. 


April. 


Sept. 


1915. 


April. 


May. 


Oe wb oe 


31 


16.°5 C (16.°3)| 
16.4: 


17.°7C (18.°8) , 


17,°4* 


| 16.6% 


16.5 


| 18.°0C (15.°2) 


| 26.°0* (26.°1) 


17.°3* (18.°3) 


| 17.4% 


(*), Mean deduced from two or more measurements, 


48. 


Sea water temperature below the surface. 


The follow- 


ing table gives the results of the measurement of the sea water 
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temperature at and below the surface made by the author in con- 
junction with Mr. Y. Katsuno, of the Kagoshima meteorological 


observatory, with a deep-sea thermometer, on April 15th, 1914. 


Ne ———————— 
| 


| i} 
< Temperature orrespondine Surface 
| Water Depth.; "Roe Ones gees 


Plage ‘ot Observation. at Bottom. | Temperature. 


(i) Middle of Kagoshima Strait. 16 fathoms. 16°C wht 7o8.C 


(ii) Kagoshima Strait, } km from | 
the lava coast, near the new | 28 18°.5 | 20°.0 ; 20°.4 
Karasu-jima Bay. | 


Giii) Near the lava coast, in the | 


ai ° or: onon. on. ane rk 
new Karasu-jima Bay. | 274 23°.0 24°.5 3 26°.0 > 27 0 3 30°.5 
| 
(iv) Near to (i113). 1 | 19°.5 21°.0 
(v) 100m off the new lava coast | . 
of Arimra, where gases bub- | 18 18°.5 18°.7 


bled up from the submerged 
lava mass. | 


In (3), (ii), and (vy), the water temperature at the bottom, 16 to 28 
fathoms in depth, was materially the same as that at the surface ; 
probably due in the first two cases, to the existence of sufficient 
tidal currents, and in the last to the convection movements among 
the sea water. In (ii), where the heating effect of the lavas was 
marked, the bottom temperature was of course much lower than 
the surface one; the difference being already clear at the depth of 
1 fathom as in Gv). On April 12th, 1914, the sea surface in the 
shallow Yubama (Yunohama) bay, close to the Arimra lava termi- 
nus, was high in temperature and sufficiently warm for the swim- 
mer, who could, however, feel with feet much colder water below. 

49. Heating of the sea water due to the eastern lava field. 
As described in § 39, the surface sea-water temperature at the two 


¢ 


ends of the contact line of the Seto ‘‘strait’’ (isthmus) lava was 


high, the difference over that in Kagoshima Strait being approxi- 
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mately 73.°5C in April 1914, and 62°.5 to 71°.6 C in Sept. 1914 
and April.1915, as follows :— 


Dat Temperature at E. end of Temperature at W. end of 
Oye Seto Contact Line. Seto Contact Line. 
April 12th, 1914. 73°.5 C+T, _— 

Sept. 25th, ,, 62°.5 +T, 66°.4 C+ T, 

April 25th, 1915. 647 4, Tie 6 eee 


(T,=Corresponding temperature of the surface sea-water in Kagoshima Strait. | 
/ 


The temperature excess for the Seto strait, while still unclosed, 
on Jan. 23rd, 1914, was 32° C; and that for the Ushine bay, or the 


‘* strait’? lava stream 


portion of the sea enclosed between the Seto 
and the Ushine coast of Osumi, was brought down to 8°.1 to 10°.5 
in April 1914 and May 1915, although spots of higher temperatures 
existed quite close to some of the new lava islets. From these facts, 
we can easily suppose that the area of the marked increase in the 
water temperature must have been limited in extension, and, as will 
be seen from Table XII (i), the sea water around the north-western 
coast of Sakura-jima was practically uniform in temperature from 
Kagoshima to Komen and Uranomae, in April 1914; to Omoe-zaki 
and Krokami or Nagasaki-hana, in Oct. 1914—May 1915; the 
radial distances from Seto to the limit of the constant temperature 
being in these two epochs respectively only about 53 and 3 (or even 
14) km. On Jan. 23rd and April 11th, 1914, the amounts of the 
increase of the temperature at the neighbourhood of Moe-jima, 
Omoe-zaki, and Krokami, over that at the Kagoshima strait were 
2°.3 and 1°.1 to 3°.0 respectively. 

Turning our attention to the sea around the §. W. and 8. coast 
of Sakura-jima, we see, from Table XII Gi), that on Jan. 24th, 


1914, the temperature off the Cape Moe-zaki was 12° C higher than 
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in Kagoshima Strait. In April 1914 to April 1915, the differ- 
ence was reduced to 0°.8 to 2°.1C; while the corresponding 
quantity for the sea-water off Kwannon-zaki and Furusato during 
the same time interval, was only slightly larger, namely, 1°.0 
to 3°.8C. According to the observations on April 29th, 1915, the 
temperature was practically uniform throughout the whole sea route 
between Furusato and Kagoshima. Again, the temperature along 
the S.W. coast of Sakkabira (Osumi) was, in April 1914, from 14°.5 
to 19°.3.C higher than that in Kagoshima Strait; this difference 
being reduced in April 1915 to only about 2°.0. With regard to 
the temperature distribution off the 8. coast of Sakura-jima, the 
islet of Oko-jima and the cape of Moe-zaki seem to have formed 
the boundary of the area of warmer water, its radial distance from 
the Arimra lavas being about 5 to 55 km. 

On the whole, the heating effect of the lavas in question was 
more powerful and lasting than those on the western side, owing to 
their long-sustained activity, progress, and remarkable submarine 
extension. The influence of the latter circumstance can well be 
seen from the observations on Sept. 25th, 1914, illustrated in fig. 
118. Thus, the temperature, which was on that day 27.3 to 27.9 
at the coast between Tarumizu and Arazaki, was increased to 29.7 
at a distance of 4 km to the S.W. of the islet of Eno-shima, this 
locality being quite close to the southern end of the submerged 
lava streams. Thence, across over the latter, the temperature 
was gradually increased to 57° or 57°.5 along the lava coast itself. 

In fig. 118 is indicated the approximate areas for April, 1914, 
in which the temperature of the surface sea-water was decidedly 
higher, say, by 2° or so, than that in Kagoshima Strait ; these form- 
ing a sort of semi-circular ring about the south-eastern half of 


Sakura-jima, of maximum distance of 3 to 33 km from the original 
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coast of Arimra. besides a detachment about the W. and 8. coasts 


of the Yokoyama lava area. 


TapLte XII. Comparison of Surface Water Temperatures in 
different parts of the sea around Sakura-jima. 


(x.) From Kagoshima Harbour to Krokami and Seto off the N. Coast of Sakura-jima. 


Temperature In- 


| Sea Area of No Temperature Varia- ee ACE a Temperature 
Date. tion, stretching from Kagoshima | .. i ie Increase near 
| jima, Omoe-zaki, 
Harbour to | > : Seto. 
or Krokami. 
: P Sew e B ot! B 

: 9 9° 9° Seto Strait 

Jan, (237d, 1914.|. \S.: Talay tence eae See mS 2 36 82°.0.C [oe are ad. 


April llth, ,, | Komen and Uranomae. 1 =s20) 8°.1 {Finns Ban 


Oct. 2nd, ,, | Moe-jima, Omoe-zaki, Krokami. os — 
ae 10°.5  (Do.) 


May 4th, 1915.) Komen, Omoe-zaki, Krokami. 


Close to new 
lava islet:. 


»  5dth, ,, | Komen, Omoe-zaki, Nagasaki-hana. — 25°. { 


(11.) From Kagoshima Harbour to Furusato and Seto off the 8. Coast of Sakura-jima. 


Sea Area of approximately | _ 


. | No Temperature Variation : 
Date. OF A aera ewe: | Kwannon- Coast of 
| stretching from Kagoshima Nojiri; | oie p Git 
Harbour to Moe-zaki. : e 


| Furusato. | (Sakkabira). 


Fan. B4th; 1914) oa eee eee ee |, 4 About 19°C. ~ 


| 
April 9th, ,, | Oko-jima. | OKB= 1°94) 388200 i mat 
“wae een | 2°,.5—3°.8° _|14°.5 —18°.0C. 
& :ASbh, a5) lp, Sager One oer Taleae cee | 129-322 19°.3 
a ATELY 5,2 chen ei ae em 1.1221 | = a 
April 25th, 1616.10 <1 eee Ree ene = 19.0 -2°,0 appre. 2°.0 apprx 
i  2Othe 3. Furusato. | 0°.0 / 0°.0 —= 


50. Surface sea-water temperature along the border of the 
western lava field. (Table XIII.) Any marked heating effect of the 


western lava field, whose progressive movement was practically 
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brought to end in the course of a few weeks after the commence- 
ment of the eruption, and which had no extensive submergence 
on account of the shallowness of the strait water, seems to have 
been limited to thé immediate neighbourhood of the lava coast. 
Thus, according to the observations made in April 1914 to May 
1915, the water temperature at the N.W. corner of Hakamagoshi, 
600 m distant from the -N. lava coast, was always almost exactly 
equal to that at the middle of Kagoshima Strait. Again, on April 
15th, 1914, the temperature at a distance of 500 m from the W. 
coast of the lava field was 20°.4, indicating an increase of nearly 4° 
over that of the mid-strait water. As the temperature close to the 
same coast on the 17th of that month was 25°.0, or nearly 9° higher 
than at the centre of the strait, we may suppose the heating effect, 
even in the narrowest part of the latter, to have been reduced 
probably at a distance of less than 1 km from the lava coast already 
to a degree equal to that in the Kagoshima harbour. 

The highest water temperature of 40° C was observed on April 
9th, 1914, over the submerged lava boundary at the 8.W. end; 
this being about 23°.3 higher than at the middle of the strait. The 
temperature was also high, with the maximum indication of 3) ed 
on the 15th of the same month in the Karasu-jima bay on the 
SW. coast of the lava field, amounting to an increase of 19°.0 over 
that of the outside sea water. According to the measurement on 
April 29th, 1915, the extra heating effect in the same portion of 
the sea was completely cancelled, while the highest temperature in 
a long narrow inlet of length = 550 ft., and of mouth opening = 60 
ft., at the bottom of the bay in question, was only 25°.3, or 8°.3 
higher than in the strait. These comparisons indicate that, in the 
course of the 1 year between April 1914 and April 1915, the tem- 


perature of water at the S.W. or warmest portion of the lava coast 
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was reduced by the amount of about 11° to 15°C. Along the W. 
lava coast, the temperature decrease during the same time interval 


was approximately 9° C. 


Taste XIII. Comparison of Surface Sea-water Temperature 
in Kagoshima Strait with that along the Coast of the 
2) 
Western Lava Field. 


Middle of |Beach at N. W. 
Date. Kagoshima | Corner of Along the Border of,the Lava Field, 
Strait. Hakamagoshi. 
April 8th, 1914.| 16.7* C 16.5 C Es 
9th 16.7% = sClose to the S.W.end {: 177.5; 17°.0; 26°.0; 
” a : 135°.2 ; 35°.0 ; 38°.0 ; 40°.0 C. 
'(500 m from the W. coast: 20°.4; 20°.0. 
ae ODISG ass 16.7 — {Along the chord of the bay at S.W. coast: 
|\24°.5; 26°.0 ; 27°.0; 830°.5; 35°.7. 
fe levadcie | |W 16.4 a | Close to the W. coast {: 20°.0 ; 25°.0. 
Sept. 23rd, _,, 26.1* | 26.0 (See 
| In the long narrow islet near the site of the 
April 29th, 1915. Oe — former Karasu-jima: 18°.7; 20°.3; 21°8; 
| |\\23°.5 ; 24°.5 ; 24°.8; 25°.0; 25°.3. 
ENROL a ees 16.9* VGeu Close to the W. coast {: 16°.3; 16°.4; 16°.5. 
May 6th, ,, 17.6* 17.5 = 
(arses: Mean deduced from two or more measurements. 
138) es aace Over the submerged lava boundary. 


51. Temperature of hot spring, ete. For the sake of com- 
parison I give next the results of the temperature measurements 
made of the hot springs or warm beach rivulets at Furusato and 


Yunohama (Yubama). 
(A) Observations at Furusato. 
Gi.) Hot spring of Furusato. This is located at the 
beach and is in communication with the sea water in some way, 


so that the rise and fall of its level is governed by those of the 
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tide. It had previous to the recent eruption a temperature of 
about 44° to 46°C. According to the measurements made after 
the commencement of the eruption the hot-spring temperature 
was as follows :— 
aa cOtii  |O Ase eee Ween, 44. © 
OAL ee eee eee AS. Cpe (Air temp = lo: GC). 


Gi.) Hot-water well. The well is situated close above the 
last-mentioned hot spring, and the water, which has a salty and 
earbonic-acid taste, is about 3 metres in depth, and rises and falls 
in relation to the tide. The hot-water temperature, after the 


eruption, was as follows :— 


Well Tempr. Air Tempr. Sea-Water Tempr. 
April 21st, 1915; 103 am. 46°.6 C T8*.6 C 20°.5 C 
P sally 18°.0 : 
2 45°.3 Bi 21°.2 
i eee ee OA sam.” » 45°.8 VA 


(B) Observations at Yunohama (Yubama, or Moto-Arimra). 
Gii.) Beach rivulets. At Yunohama warm waters with a 
highly carbonic acid taste were bubbling up from many points in 
the sandy beach, sometimes resulting in a shallow streamlet 1 


foot or so in width. The temperature was as follows :— 


ete (rls eee Ota Se cee e200 G 
: B10 
Pia aN pAN Ste Gap 2 ae Ree es. 
Setitoaeese Pulse Pis)er ves. Ase lyees fee 39°.7 


(iv.) Hot-water well.. The warm water in a well near the 
beach, 4 metres deep, had the temperature of 35° to 36° C :— 
Aprile 2lstyel OL Gietees gene bce 00,00 (AM temp.=19°.0 C). 
este ea i 99°5 ). 
(v.) Water issuing from under lavas. At the time of the 


author’s visit to Sakura-jima in Sept. 1914, there was along the 
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beach a small rivulet issuing from two caves or tunnels, 1 metre in 
diameter, at the foot of a transverse branch of the lava stream, 
whose water was hot and had a salty and carbonic acid taste. 


The temperature was :— 
Sept, 27th) 194g 4 ete eat OO pogeaA UI, 


At the time of my visit in April 1915, the rivulet in question 
did no longer exist, having been buried under the advancing “ 2nd 
stage ’’ lava streams. : 

From the above it seems that the hot spring at Furusato, whose 
temperature was not’ much different from 45°C both before and 
after the eruption, was not affected by the latter at all. It may be 
that the new production of, or a change in, hot springs and fumar- 
oles, which often, if not always, precedes or accompanies a strong 
voleanic outburst, is sometimes quite localized and limited to the 
immediate neighbourhood of the zone of craterlets or their exten- 
sions; the village of Furusato being situated comparatively far out 
of the centres of the recent yoleanic disturbances. The temperature 
of the Furusato hot spring was the same as that of the well close 
by ; the warm waters in the beach of Yunohama (Yubama) also 


having a nearly equal temperature. 


Taste XIV. Surface Water Temperature measured in 
different parts of the Sea around Sakura-jima. 


Jan. 16th, 1914, to May 16th, 1915. 


Time. Sea-water Temperature. Locality. 


January 16th, 1914. 
2.00 p.m. * 18.00 At the quay, Kagoshima. 


3.30 35.0 Near the North entrance of Seto Strait. 


LIBR ALY 
OF thk - 
UNIVERSi ty fee, ce 


Fig. 118. Map of Sakura-jima showing the Sea Area, the Temperature of whose Surface Water 
was affected by the Eruption of 1914. 


The red curves A, B, and C mark the approximate boundary of the sea-surface whose tempera- Pipex Ve 
ture was, in Jan.April, 1914, higher than in the preceding ordinary years. The red figures 

indicate in centigrade the surface-water temperature on Sept. 20th, 1914, at different points 

between Eno-shima (near Tarumizu) and the S.E. lava coast of Sakura-jima. 
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Time. Sea-water Temperature. Locality. 


Jan. 18th, 1914 


16.7 C is 
100) anim, ena eyes) Coast of Take. 
16.6 
Jan. 28rd, 1914. 
° 
11.30 a.m. 17.2 Coast of Fujino. 
19.5 Between Moe-jima and Omoe-zaki, 
19.5 In Krokami Bay. 
26.0 
32.5 
AG. Olst Weestense sean t = At the N. entrance of Seto Strait. 
46.5 
45.5 
Jan. 24th, 1914. 
° : th 
29 5 | Atthe coast of Nojiri. 
ce. ot ae ee ey eee OB SW BE ee 
April 8th, 1914. 
° ° ss ks 
8.15 a.m. 16.5 (air: 11,8) At the quay, Kagoshima. 
17.0 Outside the harbour. 
16.5 In Kagoshima Strait. 
8.30 LAO , 
- ° 
8.40 16.5 (air: 11.8) z 
8.45 LON Near the Hakamagoshi coast. 
5 17.0 V5 x 
8.52 16.5 (air: 12.0) At Hakamagoshi heach. 
° : ne fr ; ca ayes 
6.05 p.m. 18.5. slate: 11.5) At a small distance from the Hakamagosa1 
/ coast. 
6.12. 17.0 Middle of Kagoshima Strait. 
April 9th, 1914. 
t ° ° 
8.00 a.m. | 16.4 (air: 13.5) _ At the quay, Kagoshima, 
| | 
8.30 16.5 | Middle of Kagoshima Strait. 


ee a i ee ee en Ee eS 


2.92, F, Omori: 


Time. Sea-water Temperature. Locality. 


April 9th, 1914. (Cont.) 


8.50 a.m. 16.8 C (air : 13.5 C) Between Oko-jima and the lava area. 
9.00 lied At Moe-zaki. 
9.10 17.8 At Kwannon-zaki. 
9.15 18.0 Do. 
9.20 18.0 (air: 13.5) Further on. 
9,40 18.0 In Furusato Bay (20°.5 to 21°.0 at Furusato 
{reach owing to the existence of the hot 
spring there.) 
4.20 p.m. Siam Furusato, near the lava area. 
eray ,  (GliineS 13.2) i , near the beach. 
18.0 At Kwannon-zaki. 
18.0 ” ” 
17.3 At Moe-zaki, ( 
17.3 Off the coast of Nojiri. 
17.3 (air: 11.0) Off the coast between Nojiri and Akamizu. 
© ° © J 5 
Ht 17.03 26.0 ; 35.2 ; Quite close to the S.W. boundary of the 
40.0 ; 35.0; 38.0, bie. western lava area. 
17.0 A short distance off the western lava coast. 


April 11th, 1914; from Kagoshima to Krokami and Seto, and back. 


7.40 a.m. 16.5 (air : 12.5) In Harbour of Kagoshima. 
17.0 Just outside the harbour. 
16.5 Middle of Kagoshima Strait. 
16.4 Off the coast of Take. 
16.6 a »  Fujino. 
16.5 About 500 m off the coast of Saido. 
16.5 5 200 ane ae, »  Shirahama, 
16.4 At Wariishi-zaki. 

; 16.6 50 in off the Nishiseko cape. 

16.6 Quite close to the Uranomae cape. 
17.7 In Beorams Bay. (Hereafter, falling tide.) 
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Time. Sea-water Temperature. Locality. 


April 11th, 1914; from Kagoshima to Krokami and Seto. (Cont.) 


° 
9.45 a.m. 18.1 C At Krokami beach. 
3.00 p.m. 18.7 Between Krokami and Nagasaki-hana. 
21.6 In the inlet between the Ushine coast-and 
é the new lava promontory to the east of 
3.30 2.45 (air: 16.7) the former Seto strait. 


(Hereafter strong W. winds set in.) 


4.00 p.m. 19.5 At the inside or W. coast of Moe-jima. 
18.6 Coast of Moe-jima, at the N. end, 
17.6 | Between Moe-jima and Nishiseko-hana. 
16.7 Off the coast of Komen. 
16.7 At Wariishi-zaki. 
16.7 Off the coast of Saido. 
16.7 Off the coast of Fujino. 
16.5 Between Take and Iso (Kagoshima), 
16.7 ,  Hakamagoshi and Kagoshima. 
16.6 Outside the Kagoshima harbour, 

6.00 p.m. IGiie (Air: 12,2) In the Kagoshima harbour. 


April 12th, 1914; from Kagoshima to Furusato, Seto, and Ushine, and back. 


8.30°° aim: 16.5 (air: 15.0) In the harbour of Kagoshima. (Falling 
tide.) 
16.5 Outside the harbour. 
17.2 Middle of Kagoshima Strait. 
WAS Between Kanze and the western lava area. 
18.0 At Moe-zaki. 


500 m from the coast, between Moe-zaki and 


194 Kawnnon-zaki. 
10.00 19.0 At Kwannon-zaki. 
19.1 ; Do. 
21.0 In the Furusato bay. 
10.30 21.7 (air: 10.7) At Furusato beach. 


20.0 ” ” 
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Time. Sea-water Temperature. Locality. 


April 12th, 1914; from Kagoshima to Furusato, Seto, and Ushine. (Cont.) 


215 C 100 m off the lava coast of Arimra. 
31.5 Further on, close to the coast. 
34,5 At the Osumi coast. 
4.00 p.m. 210 | aan ea Coast em akin : mouth of new Ushine Bias 
| 25.5 A A | : mid-length = 
| 52.0 Ae yes ; head = - 
4,45 31.0 its 91:0) Sakkabira Bay. 
18.0 Off the coast of Arimra. 
19.5 Yubama, at the end of the E. lava area. 
6.30 17.5 Between Kanze and the western lava area. 
7.00 165 At the entrance of Kagoshima Harbour. 
April 15th, 1914. 
9.00 a.m. 16.7 (air: 14.5) Just outside the harbour of Kagoshima. 
16.7 Middle of Kagoshima Strait. 
174 Near the coast of the western lava field. 
17.8 »» ” ” 
29.4 About 500 m off the western lava coast. 
20.0 ‘ ” 


At points on the chord, or line joining the 
two ends of new Karasu-jima Bay. 


° ° 

24.5 ; 26.0; 27.0; \ 
Sera ts 
30.5 ; 35.7 ; etc. 


18.5 At Kwannon-zaki. 
20.0 At the coast of Furusato. 
18.7 100 m off the coast of Arimra. 
Noon. 36.0 In new Ushine Bay. 
3.30 p.m: 27.0 50 m off the coast of Arimra. 
187-9 Maire 18.0) At Kwannon-zaki, 


April 17th, 1914. 
16.5 (air : 11.4) Kagoshima Harbour, at the quay. 


| 16.4 Middle of Kagoshima Strait. 
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Sea-water Temperature. 


Locality. 


, 


SMA a 5 Ete TS ET, 
April 17th, 1914. (Cont.) 


° 
18.5 C 
Wi 


° 
20.0-25.0 


7.3) 


5.00 


a.m, 


p.m. 


26.5 
26.3 


| 


At Nojiri, sea beach, 


At the mouth of Nojiri Bay. 


Along the coast of the western lava area, 
over the submerged portion. 


September 28rd, 1914. 


(air : 23 0) 


(air® 22.0) 


In Kagoshima Harbour, at the pier. (Fall- 
ing tide.) 


Just outside the harbour, 

Middle of Kagoshima Strait. 

Near Hakamagoshi. 

At Hakamagoshi beach. 

Middle of Kagoshima Strait. (Rising tide.) 


” 


Near the Kagoshima coast, 


In Kagoshima Harbour, 


September 25th, 1914; 


Noon, 


0.30 


p-m. 


27.3 
27.5 
27.3 
27.5 
27.8 


29.7 
31.8 
32.5 
34.7 
40,7 
30.0 


QO 
(air : 28.6) 


from Tarumizu to Seto, and back. 


At Tarumizu ; beach, of 1 foot water depth, 
(Falling tide. ) 


» 3 At 35 m from beach. 
is ;at 100m, 
, 200 m off the coast of Shiroyama-hana. 


hereafter directed straight to the W. end of 


fie Ara-zaki. (The course of the boat was 
the Arimra lava field). 


500 m off the west side of Eno-shima. 


Just past Eno-shima. 


Arimra lave coast, 
About 400 im off the projecting lava coast of 
Arimra. 


A little further on. 


ead between Eno-shima and the new 


Still a little further on, 
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Time. Sea-water Temperature. 
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Locality. 


September 25th, 1914; from Tarnmnet to Seto, and back. (Cont.) 


1.314 p.m. 57.0 C 
44.0 


49,5 


About 70m from the lava coast of Yuno- 
hama. 


Further on. 


In the Yunohama bay. 


(The course was hereafter directed east towards the Sakkabira bay.) 


57.5 
52.0 
1.58 37.5 
2.03 44.5 
2.17 35.5 
2.21 34,2 


Over the submerged lava outflow, where 
eases were bubbling up. 


100 m off the lava coast. 
200 & ” 


At the mouth of an inlet. 
In the Sakkabira bay: 500 m from the 


Osumi coast and 300 m from the lava 
boundary. 


At the Sakkabira anchorage (coast of 
Osumi), about 500 m from the lava.) 


(The course directed from Sakkabira straight to Tarumizu.) 


3.35 33.5 

33.0 
4.01 31.5 
4.15 29.0 

28.0 
4.52 27.9 
5.15 27.2 


(air: 24.'7) 


i 


Quite close to the coast. (Falling tide.) 
Along the coast, 100 m further southward, 
Off the cape of Hijiri-zaki. 

Between the Eno-shima and Kaigata. 

At the S. entrance of the Eno-shima channel. 
Close to Ara-zaki. 


At Tarumizu, beach. 


6 EE) Eee en 


September 26th, 1914. 


oO 
2.00 p.m. 28.5 


(ase 2805) 


At Ushine, 9 metres frum the beach. 


September 27th, 1914; from Tarumizu straight to Yunohama, and back. 


7.45 a.m. 26.7 
7.50 26.3 
8.00 27.1 
8.09 27.7 
8.20 | 27.8 
8.27 28.3 


(air: 21.5) 


At Tarumizu, 300m from the shore. (Fall- 
ing tide.) 


Near the Ara-zaki. 
Past the Ara-zaki. 
Approaching Eno-shima, on the west side. 


Outside the islet of Eno-shima. 


at 
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Time. 


Sea-water Temperature. 


Locality. 


September 27th, 1914; from Tarumizu to Yunohama, and back. (Cont.) 


8.40 a.m. 32.5 Cc Beyond Eno-shima. 
8.44 33.7 A little further on. 
8.50 29.7 About 800 m from the Arimra lava coast. 
9.01 30.1 | In the Yubama bay. 
4.00 p.m. 60.0 | (ee » » Where the water was 
4,48 28.5 Off the west side of Eno-shima. 
5.04 28.7 Just beyond Hno-shima,. 
5.38 27.7 (air: 21.6) At Ara-zaki. ; 
6.00 27.4 (air: 21.7) At Tarumizu. 
October Ist, 1914. 

8.40 a.m. 24.5 (air : 188) In Kagoshima Harbour. 

25.0 Just outside the harbour. 
8.50 25.0 Between the Iso coast and Hakamagoshi, 
9.00 25.0 » ” ” ” 
9.20 24.5 300 m off the coast of Take. 


October 2nd, 1914 ; from Komen to Krokami, and back. 


7.14 a.m. 
7.21 
7.32 
8.45 


1.53 p.m. 


° 
(air : 19.5) 


° 
(air : 24.5) 


Lo} 
(air : 23.7) 


October 


(air: 23.0) 


In Komen Bay. 

Off the coast of Komen. 

Further on. 

In Krokami Bay. 
% 3 (Rising tide.) 


At Omoe-zaki. 


Between Komen and Moe-jima. 
| At the entrance of Komen Bay. 
8rd, 1914. 

| Akobaru, at beach. 


| Middle of Kagoshima Strait. 


ae 
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Time. Sea-water Temperature. Locality. 
October 3rd, 1914. (Cont.) 
11.14 am, 248 Outside the Kagoshima harbour. 
11,19 24,7 In the Kagoshima harbour. 
April 25th, 1915 ; from Furusato to Seto and Ushine, and back. 
8.00 a.m. 19.0 (air: 16.5) At coast, between: Furusato and Yubama. 
8.05 18.0 (air: 11.5) At the entrance of Yubama bay. 
18.0 Close to the 8.W. corner of the lava area. 
18.5 Further on, about 100 m from the lava coast. 
80.0; 28.0 | In a small inlet. 
| | : 
| - 3 o | In a small triangular pond, (width=100 m, 
| 41.0 ; 38.5 (air : 16.8) | length =200 m) at the bottom of the above 
| mentioned inlet. ‘ 
| 
| 39.0 In a bay (diameter =300 m). 
10.20 | 20.0 ; 21.5 30 m off the lava coast of Arimra. 
N 19.0 At the coast of Osumi, 4km south of the 
WOON ie former Seto strait. 
| a . Coast of Ushine (Fumoto), not far from the 
3.007 pn ae 20.8 (air: 20.0) mouth of the inlet formed between the 
latter and the lava promontory. 
= About 50m off the extreme point of the 
6.15 40.0 | maximum protuberance of the Arimra 
| “ond stage” lava outflow. 
} 
April 29th, 1915 ; from Furusato to Kagoshima Harbour. 
7.25 a.m. 17.5 (air: 20.5) Off the coast of Furusato. 
7.40 17.5 At Kwannon-zaki. 
8.55 WA | 9 (Gmres 18.5) Off the west coast of Oko-jima. 
9.30 US, Between Oko-jima and Nojiri. 
Off Akamizu, near the S.W. projecting 
Pred He corner of the lava area. 
11.50 17.6 At the last mentioned projecting corner. 
18.7) (dh) | 
| In a long narrow inlet (width=60 ft., 
ine 20.8 (2) | length=550 ft.) near the place where 
ri ee rk eM Ta NR ee nee a Karasu-jima formerly existed: from the 
21.8 (3) mouth (1) successively to the head (8) of the 


small bay. 


Time. 
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Sea-water Temperature. 


Locality. 


April 29th, 


Noon. 


0.10 
0.20 


0.40 


p.m. 


21.8 


16.5 


17.6 


17.0 


24.5 0 (5) 


(6) 


ee i 


1915 ; from Furusato to Kagoshima Harbour. (Cont.) 


(See the above remark.) 


Again at the mouth of the new Karasu- 
jima bay. 


Middle of Kagoshima Strait. 


” 


May 4th, 1915 ; from Komen, to the New Lava Islets, and back. 


6.30 


6.40 


5.35 


5.40 


a.m, 


p.m. 


17.4 
17.0 
| 172 
17.0 
17.0 


17.2 
17.2 


17.5 


19.0 
22.7 
23.0 
18.2 


18.0 


17.5 
Pit 


17.9 
AW 4 


19.7 


(air: 13.0) | Komen, beach. (Rising tide.) 
| 


(air F 


(air: 


(air : 


(air : 


° 
21.8) 


° 
18.5 


° 
18.0) 


14.0) 


In Komen Bay. 

Beyond Nishiseko-hana. 

Off the coast of Moto-Komen. 
| At Moto-Komen anchorage. 
| At the Uranomae cape. 
At Omoe-zaki. 


In Krokami Bay. 


|fBetween Krokami and Nagasalki-hana. 
| \ (Hereafter, falling tide.) 


Off Nagasaki-hana, 

Among the new lava islets. 

Outside the area of the new lava islets. 
Off Omoe-zaki. 

Off the Uranomae cape. 

Off Hirabana. 

Off Nishiseko-hana. 


April 30th, 1915 ; from Kagoshima Harbour to Hakamagoshi, and back. 


° 
8.00 a.m. | 16.4 


8.10 


(air 


° 
: 18.5) 


| In Kagoshima Harbour. 


| 16.6 (air: 14.3) | Outside the harbour. 
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Sea-water Temperature. 
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Locality. 


April 30th, 1915 ; from Kagoshima to Hakamagoshi and back. (Cont.) 


8.40 a.m, 
9.00 
9.05 
9.10 
9.20 
9.30 


5.15 p.m. 


° 
16.6 C 


16.5 


(air: 


° 
14.0) 


Middle of Kagoshima Strait. 
Near Hakamagoshi. 
| Do., in still water. 


Over the submerged lava area, in a small bay 


| §Near Hakamagoshi, over the submerged lava 
area. 


At Hakamagoshi, beach. 
Mid-Strait, in rising tide current. 
Outside the rising tide current. 
Middle of Kagoshima Strait. 
Outside the harbour. 


In the Kagoshima harbour. 


” ” 


May 


bthy 1 Obs 


0.25 p.m. 


from Komen to the New Ushine Lava Islets Group, thence 
to Kagoshima Harbour. 


(aires 
(air: 
(air: 
(air: 


(air: 


(air: 


(air : 


(air: 


(air : 


(air: 


° 


14.5) 
° 
25.0) 
° 
18.8) 
° 
19.0) 


° 
19.5) 


Off the coast of Komen. 


Among the new lava islets off Ushine. 


Alongside a new islet at the extremity of the 
lava stream. 


Off Nagasaki-hana. 
Close to Omoe-zaki. 
Off the coast of Uranomae. 


| Oft Nishiseko-hana. 


Off the coast of Shirahama. 
ss Saido. 
| Off the coast, between Fujino and Take. 
In the Kagoshima strait, off the coast of Iso. 


Outside the Kagoshima harbour 


In Harbour. 
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Time. Sea-water Temperature. | Locality. 


May 6th, 1915 ; from Kagoshima Harbour to Hakamagoshi, and back. 


7.20 a.m. 16.5 C (air : 18.5) In Harbour of Kagoshima. (Rising tide.) 
7.30 | 16.5 (air: 15.0) Just within the harbour entrance. 
7.35 | 16.7 Outside the harbour. 
7.45 | 17.2 Middle of Kagoshima Strait. 
8.00 17.2 (air: 16.0) * 
; 8.25 | 172 (air: 16.0 | eta ous Strait, about 600 m from the 
9.15 17.5 (air:18.0) | Hakamagoshi beach. 
4.30 p.m. 18.6 (air : 16.8) Mid-Strait. (Hereafter falling tide.) 
4.48 | 18.5 | Outside the harbour. 
4.55 | 18s | In Harbour. 


Chapter VIII. Second Stage Lava Outflow. 

52. 2nd stage lava flow and its median furrow. (See fig. Ee | 
and also the map on Pl. TX. in the preceding Number of the Bulle- 
tin.) The lava streams which began to issue from the different 
eastern craterlets soon after the commencement of the eruption may 
be regarded as composing the 1sé stage outflow, and continued 
to move downwards or outwards with rapidly decreasing rate for 
about 12 months till the end of 1914. -The outflow buried during 
this time interval the villages of Seto, Arimra, and Waki, and the 
whole S.E. portion of the island, the southern boundary of the 
area above water projecting about 850 metres beyond the former 
sea coast. At the end of March and the beginning of April in 
1915, namely 1} years after the commencement of the eruption in 
January 1914, there took place what may be termed the 2nd stage 


outflow of lava, which has been carried on quietly and, not directly 


302 F. Omori: 


from the craterlets themselves, but from a few orifices or crevices 
‘ 

at the southern coast of the south-eastern lava field. The new 
lava outflows, which were very black, in contradiction to the ash- 


covered and more or less weathered Ist stage lavas, expanded each 


Sakura-jima 
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Fig. 119. Map showing the Area of the 2nd Stage Lava Outflow. 
I hegnoe Boundary of the lava area above the sea,.in Dec. 1914. _ II...... 2nd stage lava outflow. 


ea Arimra-jima, a new lava islet. 


from a point source into the form somewhat like that of a chrysan- 
themum leaf, the greatest elongation amounting to nearly 900 m. 
According to the Chief Engineer Oi, of the Kagoshima Prefecture, 
who inspected on April 6th, 1915, the lava field in question, the 
strong and almost detonative steam emission was then taking place 
from different points of the periphery of the latter, whose progres- 
sive displacement could be plainly observed, and which was seen 


during the night to send up a number of fiery columns. 
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A special feature of the 2nd stage outflow is the existence of a 
sort of median furrow, or a narrow groove extending along the entire 
middle axis of each lava protuberance. These lines, a dozen metres 


Fig. 120. View from the Top of Minami-dake of the 2nd Stage Lava Outflow. 
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The dark portions indicate the black lavas, either (A and B) forming the 2nd stage outflows, 
pushed out from the side, or (C) occupying the hollow surface space of the earlier lava field. 


(1)...... Temporary geyser. (Ayesen: Side moraine at Yunohama. 
or more in width, could distinctly be observed with naked eye 
from the top of the Minami-dake, or a distance of over 4 kin. (See 


figs. 120 and 126.) To explain their formation, let acd (fig. 121) be 


Diagrams showing the formation of the Median Furrow. 
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Fie, 121, Section of a lava stream, in the initial condition. 


Fig. 122. Section of a lava stream, in the modified condition. 
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the cross section of a lava stream, the height eg varying from several 
dozen metres to over 100m. The inside of the lava stream re- 
tains for a long time its red-hot molten condition and flows on 
more rapidly than the quickly solidifying surface a ¢ 6, causing the 
top portion ¢ to be depressed through some distance till d. At the 
same time the lava at the ridge tends to run down the two sloping 
sides, as indicated by the arrows e and f. Consequently the lava 
stream will get a groove along its longitudinal axis, like the midrib 
of a plant leaf, whose two opposite sides are turned outwards. It 
will be noticed that the median furrow presents some points of 
similarity to the cleavage canal described in § 41. If the 
2nd stage outflow had taken place on an inclined plane, 
the lava area would have been more nearly symmetrical as, for 


instance, is sketched in figs. 125 and 124. In the present case, 


Diagrams (plans) illustrating the spreading out of the new lava area. 
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Fig. 128. Fig. 124. 


Fig. 123. Case of a single principal frontal outflow (OA), followed by two side flows (OB). 
Fig. 124. Case of two principal bifurcating outflows (OA), followed by two side flows (OB). 
O Orifice. 
however, the main prolongation took place in the direction of the 

deeper water, rendering the form one-sided. 
It is hereby to be noticed that, on the south-eastern lava area, 
the black issues of later date filled up different points ewthin the Ist 


stage field,- sometimes occupying a hollow space of considerable 


The Sakura-jima Eruptions and Earthquakes. III. 805 


‘ 


extension within the side ‘‘moraines.’’ In these instances, how- 
ever, there was no evident indication of the median furrow. 

Seto ‘‘ strait’? lava. The Seto “‘strait’’ lava and its eastern 
extension show no system of well developed median furrows, the 
whole field forming a lengthy projection with a series of parallel 
longitudinal dislocation planes. 
At its eastern promontory end, 
however, there was exposed to 


view the cross section of a sort of 


a median furrow about 6 m in 
St ve Sn Seamanel onan ay wolse “eie(0l) 2soaerl in height, as 
end of the Seto “strait” lava. indicated in fig. 125. 

Western lava field. The lava mass from the western craterlets 
was much smaller in amount than that from the eastern ones, and 
flowed down into the shallow Kagoshima channel. On the 
western field there was no appearance of the general 2nd stage 
outflow, principally on account of the comparatively small 
thickness of the lava mass, and of the short time interval during 
which the western craterlets were active. I have observed, 
however, at the north-western extremity of the lava area, a case 
of small secondary or transverse lava stream, probably formed 
sometime later than the main course itself, showing at the end, 
in the form of a cross section, a more or less well-defined median 
furrow whose bottom was about 2m in width. Another case of 
small transverse lava stream was found at the north boundary 
slope of the lava field above Akobaru; the flow, which bifurcated 
at a distance below the outlet, having been formed at the 
commencement of 1915 or the end of 1914, as it had no existence 
at the time of my visit in October of the latter year. 

The local outflow of black magma, which took place at many 
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points of the western lava area, was in this case due mainly, not to 
the continued issue from the craterlets themselves, but to the 
squeezing out of the internal fluid portion in consequence of the 
subsidence of the hardened surface layer of the main lava streams. 

53. Note on old lava promontories of Sakura-jima. The 
beautiful form of the 2nd stage lava area is due to the quiet and 
steady outflow of magma from the inside of the Ist stage lava 
streams, whose thickness is considerable. We may reasonably 
suppose that a similar process took place also in the cases of former 
great eruptions of Sakura-jima ; the map indicating a number of 
the lava promontories of the form sketched in fig. 123. The Omoe- 
zaki, Nishiseko-hana, and Wariishi-zaki on the N.E. side, and the 
Moe-zaki and Kwannon-zaki on the §.W. side, of the island are 
probably due not directly to eruptions, but were each formed by 
a 2nd stage lava outflow several months or a couple of years after 
the initial strong outbursts. 

54. Relation between cleavage canal and median furrow. [np 
§ 38, it has been concluded that the massive islets off the coast of 
Ushine moved together with, that is to say, stood on the submerged 
prolongation of, the lave promontory, at whose apex they had been 
formed. Consequently, the molten material, which formed the islets 
with cleavage canal must have been pushed up through orifices in 
the upper surface of the submerged lava stream. If, on the other 
hand, the lava be squeezed out freely and in a sufficient quantity, 
sidewise or horizontally from the solid vertical front or flank of the 
lava stream, there would be formed the median furrow discussed in 
§ 52. The cleavage canal and the median furrow are thus to be 
regarded as representing the two varieties of the result of a 
particular process of lava outflow. 


55. Geyser phenomena. At the time of my 4th visit to 
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Sakura-jima Eruption of 1914. (EF. Omori, photo.) 


Fig. 127. Vigorous evaporation of sea-water from the lava area to the S. cf Hakama- 
goshi (shown at the left-hand side of the figure.) (Jan. 19th, 1914.) 


Fig. 128. Geyser prcduced at Shiwofuki-zaki, (April, 1815.) 
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Sakura-jima in April and May, 1915, small quantities of steam 
were feebly rising from numerous points in the eastern lava field. 
Amongst the others, the issue of pure white steam from the 
ends of the new lava protuberance extending furthest into the 
sea, and of the next one on the west side, of nearly equal elonga- 
tion, which we have named Arimra-zaki and Shiwofuki-zaki 
(‘‘ water-spouting cape’’) respectively, were quite characteristic 
and frequently accompanied by loud rushing sounds like the vol- 
canic noises emanating from the crater of Asama-yama when vigor- 
ously emitting gases and steam, or like the puffs of a locomotive 
when ascending a sloping ground. ‘These lasted each time for 
several minutes. Thus, in one of the steam ejections from the 
Shiwofuki-zaki, on April 25th, 1915, the sound was heard for five 
min. between 7.05 and 7.10 a.m. at Furusato 2.0 km distant from 
the source of disturbance, the white vapours projected up streaming 
down in the fashion of ash-smokes. Again, on April 27th, the 
sounds from the same source were heard at Furusato with a mode- 
rate loudness for five min. from 2.19 to 2.24 p.m., continued more 
or less distinctly for further 4 min.; also moderately loud for about 
three min. between 4.42.30 and 4.45.20 p.m., continuing faint for 
three min. more. In these cases the frequency of the puffing noises 
was about 3 in one second. The Shiwofuki-zaki was also active on 
the afternoon of the 28th of April (1915): the rushing sounds, 
which accompanied the steam emission, commenced from 0.09.00 
p.-m., were loud for 64 min. till 5.15.20 p.m., remained faint till 
5.19.40 p.m., then continued with an increased intensity till after 
5.30.00 p.m., and ceased to be audible at 6.05.00 p.m.; the 
vapours, however, continuing to rise more or less for many 
minutes more. 

The Arimra-zaki, of the greatest elongation, was naturally the 
main or most energetic branch of the lava outflows, and at the end 
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of April 1915 must have been still continuing its progressive 
movement, though with a small rate (§ 56). When approached 
in a boat during the day time, on the 25th of the same month, the 
apex of the cape was found cracked and the inside red hot molten 
mass was exposed to view, while the steaming crustal lava blocks 
constantly crumbled down, hissing into the water. During the 
clear nights of the 2Jst and 26th, April, some faint red spots at the 
same place were visible from Furusato. 

While sailing on the morning of April 25th, 1915, in a small 
boat along the new Arimra lava coast, I had the fortune to witness 
from a short distance one of the powerful steam and water ejections 
from the apex of Shiwofuki-zaki which was really the display of a 
geyser in a small scale. (See fig. 128.) The ejection, accompanied 
with loud rumbling sounds, began at 9.37 a.m. and lasted 103 
minutes, during which interval the white steam was sent 
up to the height of 40 or 50 m, while a water spray 


was thrown from an orifice at sea-level and about 4 metre in 


Fig. 129. Diagram illustrating the geyser phenomena’ 
at the end of the new lava Shiwofuki-zaki. 


ID ee. Sea surface. Aer eel Lava stream. 
Bie Interior chamber. Cueies: The orifice. 
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diameter, through the vertical distance of about 5 metres so vigor- 
ously that small lava fragments were often projected up to a height 
of afew metres. ‘The process of the geyser formation may be illu- 
strated diagrammatically as in fig. 129; the orifice C being supposed 
to be in communication with a highly heated interior chamber B, 
whose upper portion is above the sea-level. When the vapour 
tension generated in the chamber # was sufficiently increased and 
reached an amount more than counterbalanced by the water pres- 
sure in the column SAC, there would result a steam and water 
spouting from the orifice C. Now the velocity with which the 
water was projected from the latter was approximately ./2x l0x5= 
10 m/sec. Hence the total amount of the water ejected during the 
eruption above described would be about zx a 10°3..630 == 1220 
ce.m. or 10.7m*. The volume of the chamber B here supposed 
would thus roughly be equivalent to that of a 10-metre cube. 

56. Forward progress of lava. The 2nd stage lava outflow 
seems to have been completed in a comparatively short time inter- 
val. Thus, between the 23rd and 28th of April, 1915, there was 
no special progress of the new lava protuberances, although the 
furthest end of the latter still indicated red-hot portions... Measur- 
ing from a given point on the head of Tatsu-zaki (lava flow 
of 1779 situated to the W. of Yunohama), the angle between 
the S. base of Eno-shima and the end of the new Shiwofuki-zaki. 
which exhibited the geyser phenomena, was increased from 
0° 15’ to 0° 45’ in the course of 5 months between April 25rd and 
Sept. 22nd, in 1915. As the distance of the point in question 
from the place of observation was 1600 m, this angular difference 
corresponds to a total forward progress of about 14 m of the apex 
of the lava cape, or to an average rate of approximately 0.1 m per 
day in the time interval concerned. 
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Chapter IX. Earth-heat Phenomena at Saido. 


57. Earth temperature. The orchard of Nishimoto (P44) be- 
hind the village of Saido (¥ai#) at the N.W. coast of Sakura-jima 
has recently become a scene of a curious earth-heat development, the 
temperature of the ground having been remarkably raised and 
much scaring the people in the neighbourhood, who imagined this 
to be a forerunner of a possible voleanic eruption from the spot af- 
fected. The first perceptible symptom of the change was the dying 
of the peach trees in March, 1915, at the lowest part or N. end of 
the area, and the’ same effect gradually spread upwards or south- 
wards ; subsequently the Quercus acuta, Quercus serrata, Hriobotrya 


japonica, ete. also gradually died. The area in question, which is 


Fig. 130. Sectional diagram illustrating the accumulation of pumice 
and the measurement of the earth temperature at Saido. 


Lbeeee. ie Surface. a, b, e, d......Places of temperature measurement. 
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entirely pumiceous, probably to a depth of several metres, is on a 
gentle slope at the foot of a hill belonging to the outskirt of Kita- 
dake, at a distance of about 600 m from the coast and ata height 


of 70-80 m above sea level. The surface. accumulation of ejecte 


The Sakura-jima Eruptions and Earthquakes. III. 811 


due to the recent eruption was 36 em, of which the upper layer, 
9 cm thick, consisted of coarse pieces, and the lower layer, 27 cm 
thick, of fine pieces of pumice. The underlying portion was made 
up of fine old pumice pieces of dark colour. (See fig. 130.) 

At the time of the present author’s visit, on Oct. Ist, 1915, 
the heat area, marked out by a complete death of the trees and by 
a very slight issue of vapours from a few points, was nearly a circle, 
156 metres in diameter, and, within it as well as in the neighbour- 
ing ravines and pathways leading up from the coast, there was per- 
ceived strongly a bad smell of gases like that of dilute chlorine 
mixed with benzine fumes, and exactly similar to what was experi- 
enced at the hill side above the village of Take, on the W. side of 
Sakura-jima, where in the previous spring an ox had been killed 
and several persons taken ill, probably from the suffocation due 
to the presence of carbonic acid. At this locality the gases seem to 
be firmly absorbed in the pumice, as was also the case in the 
vicinity of Hakamagoshi where the ash and pumice still preserved 
their bad smell in 1915. 

On making with a thermometer the determinations of the 
earth-temperature at different points it was found out that the 
hottest portion was a small circle about 20 m in diameter, situated 
excentrically near the upper boundary of the heat area. (See fig. 
131.) The method of the observation was as follows :—the ther- 
mometer was inserted in a small hole made with a stick vertically 
or obliquely at the bottom, or horizontally at the side, of an exca- 
vation (fig. 180); care was taken to prevent the free ingress 
of the external air into the hole, by stopping the mouth with 
small pumice pieces; this last precaution being necessary. to 
insure the accuracy of the result. | During the temperature 


measurements, from 10 a.m. to 3 p.m. (Ot. Ist), the weather 
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was calm and fair, but sultry, the air temperature being 28° to 29°C. 
After 3 p.m. there was a precipitation of rain, accompanied by 
lightnings. The earth-temperatures determined at differents points 
in the hottest portion, at depths varying from a few cm up to 


about 1 metre, were as follows :— 


Earth Temperature measured in the Hottest Area. 


Size of temperature mea- Earth 


Depth where the | | 
Excavation. surement was Temperature. | Beomarke. 
made. , | 
| (Measured near os 1] 
| the surface.) a Ae 
Length Breadth Depth | 62.5 if Slightly steaming from bottom. 
90 x 60X90 cm. M at |\ Air temperature = 28.0° C. 
| (Measured at 61.5 
| bottom.) ie 
In the new coarse pumice layer. 
7 5 
LE | pep trae insulation imperfect.) 
| 36 63.7 | In the layer of new fine pumice 
| 
150X90X120. | 69 62.5 In the older layer of black fine 
z | : pumice. 
90 | 63.4 Do. 
(Smll excavation.) 45 61.0 In the new pumice layer. 
| The hole was made vertically 
(Small bole: 20 | PLY {with a, stick. 
Depth=60 cm. ¥ | 53.5 
15 | : Repeated after half an hour. 
: | The hole was made with a stick 
(Small hole.) ener th 57.5 obliquely at the base of a tree. 
: | (Air insulation imperfect.) 
30 x 45 X30 | 15 49.0 | (Air insulation imperfect.) 


The several excavations utilized in the temperature measure- 
ments had been dug several weeks previously. This fact, however, 
does not affect the accuracy of the result, as the heated gases must 
have been diffused within the limit of small dimensions almost 
uniformly through the mass of the pumice layers. To this last 
mentioned characteristic of the ground is probably to be attributed 
the approximate constancy of the temperature at varying. depths, 
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at least till about 1m below the surface ; there being, so far as 
these observations are concerned, no increase of temperature at the 
bottom of the excavations. It is of course not to be assumed that 
the temperature remained unchanged to a great depth, say, of 
over several metres. 

The maximum earth temperature in the hottest portion was 
thus 64°.6 C, while that in the immediate neighbourhood at a dis- 
tance of 16 m sidewise to the west of the hottest portion was 47°.8 C 
at 13 feet depth. Ata point 24 m within the upper (or southern) 


margin of the heat area, where there was a strong bad smell, the 


Oa 6 


East West 


Fig. 131, Plan showing the Variation of the Earth Temperature in the 
Saido Heat-Area (large circle), on Oct. Ist, 1915. The small circle marks 
the spot of specially high soil temperature. The upper part of the figure 
corresponds to the higher slope. 


earth-temperature was 45°.0 C ; but ata distance of 2 m outside 
the same boundary line, where there was no bad smell and where 
the trees were green, the temperature 2 feet below the surface fell 
abruptly to 33°.5 C. 25 metres to the N. of the hottest portion, 
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the temperature was 37°.5 C at 14 feet depth. In the lower and’ 
more level part, within the heat area, the temperatures at three 
different places, measured 3, 24, and 12 feet below the surface, were 
respectively 29°.8, 35°.0, and 35°.0 C. 

Thus it seems that the high earth-temperature existed, on’ 
Oct. Ist, 1915, only within small ‘‘ hottest portion,’’? near the 
upper edge of the “‘heat area,’’ wherein the trees were dead, 
while the rest of the space in question has practically regained 
its normal earth-temperature. The emanation of the warm gases’ 
injurious to the plant life had probably been commenced at the 
lowest end and gradually extended upwards. 

As the heat area has extended upwards only about 7 metres 
since June (1915), when Mr. J. Sasamoto, of the Kagoshima High 
School, examined the locality, it is to be supposed that the 
heat increase and gas emanation attained their maximum activity 
during the first three months of March, April, and May, and also 
possibly already in February (1915). The interesting question of 
the time variation of the maximum earth-temperature in the heat 
area is unfortunately impossible to consider in detail, as the pre- 
vious temperature determinations by different investigators were not 
carried on with sufficient attention. Mr. N. Maeda, of the Kago- 
shima Meteorological Observatory, found on July 18th, 1915, the 
maximum earth-temperature within the same hottest part to be 
55°.0 C at the bottom of a pit about 5 feet in depth, while that ob- 
tained by Professor A. Imamura on August 13th, was about 49°4 C 
at the depth of 2 feet and under the air temperature of 31°.6 C. 
All these results are too low, due to the want of precaution for suffici- 
ently preventing the external air from affecting the thermometer 
bulb, which was simply buried or inserted in a vertical position 


into the pumice mass previously dug. 
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58. Heat phenomena and voleanic activity- The develop- 
ment of earth-heat in the vicinity of Saido is by no means abnormal. 
As mentioned in: Number 1 of the present» Volume, the’ sea beach 
of the village, where still exists a mineral spring, is called Yuno- 
saki (‘‘ hot-spring cape’’) and is a likely place for the production 
of a new hot spring or an emanation of gases consequent to a 
powerful voleanic eruption in Sakura-jima. In fact, the appearance 
of the heat area may be taken to have been simultaneous with 
the 2nd stage outflow of the eastern lavas ; both being the effects 
of, or stress-relievings afforded to, an accumulation of the volcanic 
tension under the mountain consequent to the almost complete 
cessation of the explosions about that time. Taken in this view, 
the phenomenon under question, which is evidently approaching 
to its close, is one of the residual activities of the great recent 
eruption, and not a preliminary to a new one*. 

Temporary fumaroles. at the coast of Ushine. According to the 
account of Mr. H. Oi, Chief Engineer of Kagoshima Prefecture, 
there was also a manifestation of increase in soil temperature in a 
small ravine at the coast of Ushine, some distance from the 
eastern end of the ‘‘ contact line’’ or junction of the Sakura-jima 
Java and the former coast of Osumi; there having been a slight issue 
of steam, such that on April 6th, 1915, the ground, when dug, 
had a temperature too hot to allow one’s hand to be put in. 
This fact was apparently related to the production of the heat 


region in the vicinity of Saido. 


* According to Professor A. Imamura’s measurements, repeated with care in Aug. 25-28, 
1916, the highest earth temperature within the district in question was 63°.0 C, met with at 
the depth of 1.28 m. It thus seems that the maximum earth temperature did not much vary 
during the 11 months subsequent to the present writer’s examination in Oct. 1915. 
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Chapter X. Notes on the Craterlets of the Anei (1779) and 
Bummei (1468-1476) Eruptions. 


39. Comparison of old and recent craterlets. The larger ex- 
plosion craterlets of the Sakura-jima eruptions in the periods of 
Anei (1779) and Bummei (1468-1476) are found to be not much 
different in magnitude from those formed in the eruption of 1914 : 
a fact which seems to indicate that the explosive force of the vol- 
cano did not much vary in the different outbursts during the 
several hundred years since the 15th century. Some of the old lava 
sources remain also in a well preserved condition, presenting an 
appearance similar to those in the recent eruption. (For the 
position of the craterlets and lava sources, see Pl. IX of the 
present Volume. ) 

60. Anei (1779) eruption : southern craterlets. The eruption 
began first from the upper craterlet on the southern or Furusato 
side, although the eruptive energy there was much smaller than 
on the north-eastern or Komen side. 

Lower Lava Source. The lava source at the lower craterlet, 
situated 260m above sea-level at the distance of 1250 m to the 
N.18°E. of the hot spring in the village of Furusato, is much 
similar in arrangement to that in the recent eruption formed below 
the eastern craterlet No. 4’, being a sort of an U-shaped cavity, 
160 m in length, 50 m in width, and 20 m in depth. The lava 
outflow from this source, locally known as a hoge (‘‘ fire place ’’), 
has run down along the eastern side of that from the higher 
craterlet and can be clearly traced down to the coast. It seems to 
have run out some days after the commencement of the eruption, 
being coated with no special layer of pumice and ash. 

Higher Craterlet. The higher craterlet, occupying the bottom 


of a large U-shaped old explosion basin at the southern flank of 
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Minami-dake, is situated at the height of 700 m above sea-level. 
The two limbs of the U, which is covered by layers of pumice and 
ash, still indicate traces of old dislocations and cracks, presenting 
an appearance somewhat similar to the disturbed grounds above the 
western lava sources Nos. 2 and 3 of the recent eruption. The 
lava from the upper craterlet progressed nearly southwards and 
reached the coast at the east of the hot spring of Furusato. 

The main portion of the flow from the lower source took a 
course south slightly east and formed the new promontory of 
Tatsu-zaki*. A small bifurcation of the stream reached down 
across to the beach of Yunohama, thus leaving between the latter 
and Tatsu-zaki a piece of headland uncovered by the Anei lavas. 
This evidently marks the end of a small former ridge composing 
the eastern boundary of the main lava field. The length and the 
base width of the aggregate lower lava area are about 2.4 and 1.0 
km respectively. 

61. Anei (1779) eruption ; north-eastern craterlets. The two 
large U-shaped craters or higona (“‘ fire holes’’) at the N.E. flank 
of Kita-dake, whose bottom is situated at heights of about 700 m 
above sea-level, evidently belong to much remote epochs, their in- 
side walls showing no exposure of compact rocks. The well pre- 
served lava mound which is situated at the height of 550 m above 
sea-level and which indicates on its west side a sort of lava moraine, 
is probably to be taken as the source of the upper lava stream of 
the Anei (1779) eruption. 

The second vent, situated about 14 km to the 8. slightly W. of 
the village of Komen, is a regular explosion craterlet of 150 m 


mouth diameter, with rugged rocky wall, its upper lip being 280 m 


* “Dragon promontory,” so named from the year of the eruption, 1779, which corres- 
ponds to the sign of tatsu or dragon in the old Japanese calendar. 
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above sea-level or 67 m higher than its bottom plane, which is 
sandy and 380 m inextension. Onlya short distance to the north of, 
and no doubt closely related to, the cavity in question, there is the 
large U-shaped third craterlet with the upper rim at about 240 m 
above sea-level, from which descends the hilly mass marked by a 
series of successive transverse dislocations ; this being the origin of 
the lava stream, whose course is well indicated by the prominence 
of its sides and which, running down to the coast. formed the cape 
of Nishiseko-hana and the eastern boundary of the present bay of 
Komen. 

The fourth craterlet, which is situated on the gentle slope, 140 
m above sea-level, and quite close to the road leading from Kro- 
kami to Komen, about 1 km to the §8.E. of the latter village, is a 
double cavity, of which the lower compartment is the larger, with 
the depth of 22 m and the mouth and bottom diameters respectively 
of 80 and 35m. Several other small craterlets may possibly be 
discovered on the N.E. eruption field, if minutely searched for. 
Beside the Sono-yama hill at Moto-Komen, there are two spots 
in the vicinity which were not buried by the Anei lava flow. 

The present coastal portion of the north-eastern lava area lying 
out of the N.W. and 8.E. straight line joining the beaches of Komen 
and of the small hamlet of Uranomae represents approximately 
the land increment caused by the eruption of 1779, the maximum 
seaward prolongation thus effected being some 0.9 km. 

62. Bummei eruption : easterm craterlets. The eastern lava 
area of the Bummei (1468-1471) eruption is bounded on the 
southern side by the ridge of a marked “‘side moraine,’’ which, 
being thickly covered with pumice and ash, looks like an embank- 
ment, and runs in a nearly unbroken line for the distance 


of 3 km, forming the northern barrier of the flat Krokami plain. 
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The maximum relative elevation of the side moraine over the 
latter is 70 m. 

The northern boundary of the lava area is also marked by a 
sort of embankment, which is crossed near the top by a lava out- 
flow of the Anei (1779) eruption. At the western point of con-’ 
vergence of the two side elevations there are the traces of at least 
two craterlets situated about 200 m above sea-level. 

The source of the lava outflow which formed the cape of 
Omoe-zaki can clearly be identified ‘with a small round solitary 

150 m hill called Maru-yama, which stands near the road between 
~ Komen and Krokami. It is much broken up and thickly covered 
with a pumiceous and ashy material, and gives rise to an U-shaped 
ridge enclosing a mass of lava continued to the above-mentioned 
cape. The hamlet of Uranomae occupies a small piece of eround 
bounded on one side by the Anei lava and on the other by the 
Bummei lava of Omoe-zaki. About 2 km to the 8.8. E. of Komen, 
near the junction of the Krokami and Uranomae roads, there isa 
sort of ‘‘dry lake’’ or a piece of hollow ground, about 3 km in 
diameter, which has not been covered by the lava outflows of the 
two above-mentioned periods. 

63. Bummei eruption : south-westerm craterlets. (J.) Crater- 
lets of the Earlier Eruption Stage. The craterlets belonging to the 
earlier period of the activity on the 8. W. side of the island, in the 
year 1475, are at least five in number and were formed at the lower 
part of the S.W. side of Minami-dake along a zone, about 800 m in 
extension, which runs in a N.E. and 8. W. direction and approxi- 
mately coincides with a slope line, the highest and lowest limits 
being respectively 430 and 220 m above sea-level. (a). The 
lowest or No. 5 craterlet is a well preserved circular hole situated 
at the distance of 1.7 km to the N.E. of the village of Yuno. The 
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upper rim of the slanting mouth, about 100 m in diameter, is at 
the height of 280 m above sea-level, or 40 m above the bottom 
area, now converted to a cultivated field. At a few points along 
the craterlet wall there are exposures of rock masses exhibiting 
cleavage planes similar to the lavas of the new Arimra and Ushine 
islets mentioned in Chapter V. 50m below the No. 5 craterlet 
there is a small shallow oblong depression with bottom diameters 
of 40 and 16 m, which may possibly be the site of a small explo- 
sive vent. (b.) The higher rim of the ecraterlet No. 5 is continued 
to a narrow valley some 80m in length and 40 m in width, in 
which the remnants of two small craterlets Nos. 4 and 3 are found, 
and which apparently constituted a sort of eruption fissure much 
sumilar to the one connecting the craterlets Nos. 3, 3’, 3”, and 4’ 
on the eastern eruption field in the great 1914 outburst. 
(c.) The craterlet No. 2, with its upper rim 360 m above sea-level, 
is about 110m in total length and is in reality composed of two 
compartments. Of these the posterior one, which is the larger, 
is a circular hole, with flat bottom 20 m in diameter, and is sur- 
rounded by a steep wall 25 m in height. (d.) The highest or 
No. 1 craterlet, separated by the distance of about 90 m from the 
upper edge of the No. 2 craterlet, is a large oblong well-preserved 
hole, whose top is 430 m above sea-level and whose flat pumiceous 
bottom has the major and minor diameters respectively of 38 and 
30 metres. The lower and upper edges of the craterlet wall are 
respectively 15 and 42 m higher than the bottom plane, the 
longitudinal extension of the mouth opening being about 116 m. 
As will be seen from figs. 132 and 133, the higher or N.E. side of 
the craterlet, whose inclination has an angle of 33°, is crowned by 
a solid lava arch, 19.4 m in length (chord) and 5.3 m in thickness ; 


the opening beneath being 3.5m in height. The under surface 
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of the arch, exposed to about 8 m, is cracked in various 
direction, but indicates no irregular dislocations. <A point of 
special interest presented by figs. 132 and 133 is their similarity 
to fig. 49; the arch in question being, like the covering of the 
compact rocky layers in the case of the recent western No. 1 
craterlet (near Hikinohira), nothing else than the surface crust of 
a previous lava outflow. The settling down of the inner portion of 
a lava stream naturally produces a more or less extensive under- 
ground vacant space, this being probably one of the circumstances 
which favoured the formation of the western No. 1 explosive 
craterlets of the Bummei (1475) and Taisho (1914) eruptions 
actually at their respective localities. (II.) Second Eruption Stage. 
The source of the lava stream, which issued in 1476, and which 
formed the cape of Moe-zaki at the 8. W. end of Sakura-jima seems 
to be the solitary 180 m hill called Kyono-tsuka (#3) situated 
about 1.2 km to the north of the village of Yuno. This is com- 
posed of loose lava masses excessively broken up by deep cracks, 
much resembling the Maru-yama hill lava source of the Omoe-zaki 
outflow on the N.E. eruption field of the Bummei period, the 
Nakano-shima formed in the Anei (1779) eruption, and the western 


No. 3 lava source of the 1914 outburst. 
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THE SAKURA-JIMA ERUPTIONS AND 


EARTHQUAKES. IV. 


Results of the Leveling Surveys and the Kagoshima Bay Sound- 
ings made after the Sakura-jima Eruption of 1914. 


By 
F. OMORI, Sc. D., 


Member of the Imperial Earthquake Investigation Committee. 


With Plates LX XI-LXXVI. 


CHAPTER I. DEPRESSION AND ELEVATION OF THE 
GROUND ABOUT THE KAGOSHIMA BAY. 


1. Precise leveling. By the liberality of the Imperial Acade- 
my and the good-will of the authorities of the Military Survey, a 
precise leveling survey along the northern coast of the Kagoshima 
bay was repeated in Nov. 1918—Feb. 1919, the heights of the 
bench marks being newly determined and compared with those 
measured in 1914 and 1915. The surveys in these latter years 
extended over the distance of 366 km. and reached from Sashiki 
(B.M. No. 2865) in the province of Higo to the city of-Kagoshima 
(B.M. No. 2468), thence along the coast down to the most souther- 
ly leveling station of Hanaoka (B.M. No. 2512) in the province of 
Osumi, and from the town of Shikine (B.M. No. 2797) at the N.E. 
corner of the Kagoshima bay up to the tide gauge station of 
Hososhima (B.M. No. 2715) in the province of Hyuga. In the 
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new survey, the measurement was limited to the distance of 130 
km. between the neighbourhood of [juin (B.M. No. 2456) near the 
west coast of the Satsuma peninsula to the town of Hanaoka 
(B.M. No. 2512), and from Shikine (B.M. No. 2797) eastwards to 
Sueyoshi (B.M. No. 2789). Aecording to the previous surveys the 
effect of the eruptive activity of Sakura-jima on. the » level 
change of the ground rapidly decreased eastwards with the distance 
from the coast of the Kagoshima bay, and the last-named place may 
in the present instance be taken as the starting point in the con- 
sideration of the depression and upheaval of the region around 
the Sakura-jima subsequent to the eruption of 1914. | 

2. Course of the level change between 1914 and 1919. The 
level measuroment along the distance of 40 km. about the W. and 
N. coast of the bay between the city of Kagoshima (B.M. No. 
2468) and the town of Shikine (B.M. No. 2488), and the distance 
of 10 km. from the latter eastwards to Fukuyama (B.M. No. 2793), 
was first carried on in June to Aug. 1914, then repeated in Feb. 
1915, and again recently in Nov.—Dee., 1918... From: Table I, which 
gives a comparison of the heights of the different. bench marks in 
the three different surveys, it will be seen that, compared to. the 
level in 1914, there was in Feb. 1915 a. general depression: (with 
the exception of the B.M. No. 2468, newly set after the eruption) ; 
while, compared: to the level in the latter epoch, there was a 
general elevation in 1918. Thus, referred to the B.M. No. 2793 as 
a fixed point, which supposition certainly entails no very gross 
error, the relative depression in Feb. 1915 was quite marked and 
nearly constant at the bench marks Nos. 2481 to 2486 along the 
western and northern coast of the bay, amounting to 0.040 m. on 
the average. The elevation in 1918 relative to the level in 1915 


was most distinctly shown also along the same sea coast, the 
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TABLE I, HEIGHT VARIATION OF THE DIFFERENT BENCH MARKS 
BETWEEN 1914, 1915, AND 1918. 


Difference.* 
1914 LOL 1918 
1914-1915 1915-1918 
No (August). | (February). | (Decem ber). 
‘ m m m m m 
2793 380.744 389.744 380.744 0.00) 0.000 
2794 357.010 337.008 337.011 —0.002 + 0.003 
2795 254.205 254.195 254.202 | —0.010 40.007 
2796 164.267 164 219 164266 | —0.018 +0.017 
2797 88.223 88 205 88.228 | —0.018 + 0.023 
2488 56.847 56.826 56.850 —0.021 +0.024 
2187 3.002 | 2.974 3.007 —".028 + 0.033 
21486 2 624 2.385 2.644. —0.039 ' +0 & | 
21835 4.862 4,813 4.895 —0.049 } +9.082: 
2184 2939 2 890 2.986 —0.049 +0.096 
(July). 
2483 11 616 11,561 11.669 —0.049 + 0.108} 
2482 15.434 15,386 15.495 —0.043 4) ox 
2481 416.258 46.220 46.313 —0.038 -+-0 093 
2480 2.644 2.612 2.698 —0,032 + 2 
279 9.361 9.329 9.415 —0.032 | Mean: 4-0.086} Mean : 
2178 9 694 9.661. 9.748 | —9,033 | —0.040 +-0.087; + 0.106 
2477 4.586 4.549 4.653 —0.037 +0.10£ 
2476 11.141 11.401 11.525 —').040 +0 124 
2175 5 244 5 201 5.339 —0,043 +0.138 | 
2474 6.198 6.143 6 311 —0.055 +0.168 
2473 5.180 5.135 5.278 —0.045 +0113 
(June). (November). 
2472 11 027 10.984 11113 —0.043 roo 
2471 9.807 9 78) 9.870 —0.027 + 0.090; 
2470 1.525 7.512 7.579 —0.013 4-0.067 
2469 2.34) 2.336 2.376 —0.004 +0.040 
2468 4.360 4.370 4.396 —0.010 +-0.026 


Positive, when the height increased, and negative when it decressed, 
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average value being 0.106 m. Amongst the others, the bench 
mark No. 2474 situated at the promontory of Osaki-hana, about 


10 km. to. the. north of the city of Kagoshima, exhibited the 


0.00 
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Fig. 1. Average Height Change of the Bench Marks Nos. 2471 to 2486. 


maximum depression of 0.055 m. and the maximum elevation of 
0.168 m. in the time intervals under consideration. The mean 
rate of the depression was about double that of the elevation, as 
follows :— 


Depression of the Ground. Elevation of the Ground, 
Chee ee: July 1914—Feb. 1915. Feb. 1915—Dee. 1918. 
Average. 69 mm, per year 28 mm. per year. 
Maximum. 94° 555 , 44 


In fig. 1 is illustrated the course of variation of the average level 
change between 1914 and 1918. The maximum ground depression 


seems to have taken place in or about October 1915. 
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3. Elevation of the depressed region. In Table IV are 
compared the results of the leveling in 1914-1915 with those in 
1918-1919. In thé older surveys, the heights of the different 
bench marks are referred to the B.M. No. 4 in the tide gauge 
room at Hososhima, measured in January 1915; it beimg implied 
that the height variation remained slight in the time interval dur- 
ing which the surveys were executed. This causes no very great 
inconvenience, as the leveling along the bay coast between the 
B.M. Nos. 2468 and 2488, where the height change was most 
marked, was finished in Feb. of the same year. In the newer 
survey, started from the vicinity of the town of [juin the heights 
are referred in Table IV to the B.M. No. 2456 assumed to have 
undergone no vertical change. This latter supposition may be in- 
accurate to a certain extent, as the region about [juin has been 
shaken by several strong earthquakes previous to the eruption. 
In Table II the total amount of the height variation of the differ- 
ent bench marks during the 4 years 1914-5 to 1918-9 is given 
with reference to the B.M. No. 2789 at the eastern extremity as 
a fixed point. According to Table II the elevation was slight and 
nearly constant, with the average amount of 53 mm., across the 
Satsuma peninsula from the B.M. No. 2469 at Kagoshima to the 
B.M. No. 2456 at Ijuin. It was also small at the N.E. corner of 
the bay coast, with the amount of 27.5 mm. at B.M. No. 2796, 
thence quickly decreasing toward the east. Along the whole N.E. 
coast of the Kagoshima bay, for the distance of 50 km. between 
B.M. No. 2512 on the south, the elevation was slight and, with a 
few exceptions, nearly constant, the mean amount being 35 mm. 
On the other hand, the elevation was considerable for the distance 
of about 30 km. along the coast from a little to the north of 


‘Kagoshima to the vicinity of Kokbu, between the bench marks 
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TABLE II. HEIGHT CHANGES OF THE DIFFERENT BENCH MARKS 
AROUND THE KAGOSHIMA BAY AFTER THES GREAT SAKURA-JIMA 


ERUPTION OF 1914: 


AMOUNT OF RECOVERY OF THE DEPRESSED 
REGION IN THE COURSE OF ABOUT 4 YEARS BETWEEN 


JUNE 1914—SHPT. 1915 AND NOV. 1918—FEB. 1919. 


No. of Amonnt | No. of Amount | 
Bench of Remork. | Bench of | Remark. 
Mark. | Elevation. || Mark. | Elevation. | 
mm mm 
2456 55.4 2487 42.7 
Q457 55.0 | 2488 34.6 
2458 56.1 | 2757 33 U 
2459 56.8 | 2489 13.3 
2460 619 | £490 12.9 
2461 53.9 Amount of Elevation | 2492 37.2 | 
24€2 56.5 | nearly constant: mean | 2493 46.1 | 
2463 57.5 | value=53 mm. | 2495 40.3 | 
2464 53.0 | 2496 37 4 
2465 51.8 | 2497 8.6 
2406 521 | 2498 40.0 With the exception of 
2467 39.8 | 9499 _15 | 2 few poiuts, the amo- 
2468 37 3 | 2500 39 0 unt of elevation nearly 
2469 50.9 O51 48.7 constant; mean value= 
: | 2502 860, se 
2470 77.3 |. 2503 31.6 
247) 10039 | 9504. 25.7 
2472 | 1394 | 2505 287 
2473 1529 2506 ~ 32.1 
2474 178.4 | 2517 37.0 
2475 148. t | 2508 38.4 
2476 184.0 2509 39.6 
2477 113.4 2510 42.6 
2478 96.7 The elevation very 2511 49.4 
217) 96.7 | conspicuoxs. 9512 49.3 
2480 96.2 
2481 103.2 2796 27.5 
2482 119.3 2795 16.7 : 
re Te 4 aay au sete of elevation 
a ae Ae ae rapidly decreased with 
Fide ae Brae Ai the distance from the 
9486 Bae aby, ne N.E. coast of the. Kago- 
00 oe shima bay. 
| 2789 0.0 


BRO 


Fig. 2. Map of Sakura-jima and the Vicinity, showing the Depression —_ (—50), (—100), (—300), and (—500) curves indicate the howndastee Pathe eases 
of the Ground after the Eruption of 1914 aud the Subsequent Upheaval. depressions after the Eruption were, relative to 1894, respectively 50, 100, 300, and 500 mim. 
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of over 100 mm. in the course of the 4 years 1J]4 9 to 1918-9, 
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Nos. 2470 and 2486, with the mean amount of 114 mm. This 
region must, therefore, be much nearer to the origin of the up- 
heaval than the’remaining part of the coast; the Osaki-hana pro- 
montory, with the maximum elevation of 178.4 mm. being evidently 
at the shortest radial distance. The iso-elevation curve of 100 mm. 
drawn by interpolations from the results of the observations, is, as 
shown in fig. 2, an irregular circle about 17 km. in diameter, 


whose centre is situated under the sea, about 5 km. to the east 


Fig. 3. Sectional Diagram representing the amount of the Depression caused 
by the Sakura-jima Eruption and of the subsequent UpLeaval in an E.W. direction 
at varying 1adial distances from the Centre (0) of the Level Changes. The depres- 
sion is measured downwards, and the elevation upwards, along the vertical axis 
drawn through 0. 

183, MoO 4 Inner Kagoshima Bay. 
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TABLE III. LEVEL CHANGES ALONG THE E.W. LINE THROUGH 
THE UPHEAVAL CENTRE. 
Distance. Elevation in 1918-1919. | Distance. | Depression in 1914-1915, © 


To the West of the Centre of Elevation. 


5.4 km. +178.4 mm. | 5.4 km. —949 mm. 
9.5 +100 Pe —550 
15-27 + 55 | 33 —100 


To the East of the Centre of Elevation. 


8 km. +100 mm. | 13 km. —500 mm. 
18 = 7h) | 16 —300 


25 + 0 | 24 — 50 


of the Osaki-hana and 4 km. from the northern coast of 
Sakura-jima. It will be noticed that this area of marked elevation 
is nearly concentric with, and of an extension not widely inferior 
to, the iso-depression carve of 500 mm. relating to the time inter- 
val of June 1914—Feb. 1915, given in Pl. XXIX of this Volume 
and reproduced in fig. 2. Further the two curves nearly coincide 
with, or are not very much distant from, the coast line of the bay 
to the north of Sakura-jima. In other words, the present area of 
maximum elevation is the same as that of the previous maximum 
depression ; both approximately coinciding with the bay coast, 
which is consequently to be regarded as the boundary of the region 
specially susceptible to the depression and elevation caused by erup- 
tion of the neighbouring volcano of Sakura-jima, or the joint 
activity of Sakura-jima and Kirishima. The amount of the de- 
pression in 1914~1915 was some 5 times greater than that of the 
subsequent recovery, or elevation. Fig. 2 and fig. 3, which latter 
gives a diagrammatic representation of the level variations along 
the H.W. line drawn through the centre of the upheaval, seem to 
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indicate that, towards the east, both the depression and the eleva- 
tion were reduced to a comparatively slight degree already at the 
distance of 30 km. ‘Towards the west, however, these changes 
continued to be distinct to a much greater distance. 


TABLE IV. HEIGHT OF THE DIFFERENT BENCH MARKS AROUND THE 
KAGOSHIMA BAY IN 1914—1915 AND IN 1918—1919. 


Bench Mark. Leveling, 1914-15. | Leveling, 1918-19. 2 
® 
& 
Locality. No. tae Height. | Date. | Height. 3 
Se eee metre. | 1918. metre. metre. 
Shimo-Ijuin. A ie # REG AY | 2456] VI, 1914.| 55.8702} XI, 16 | 55.8702 0.0 
” ee 3 2457 Be 64.3488 18 | 61.3484 | —0.0004 
, 9 op 2458 be 81.8929 a 81 8936 | +0.0007 
D 3 5 2459 " 104.6832 19 | 104.6846 | +0.0014 
» - me 2460 4 101.1277 », | 101.1342 | +0,0065 
Ishiki. ‘EQ ISER Ot Bee | 2461 A 113.3369 17 | 143.3354 | —0.0015 
“5 ~ 3 2162 rs 105.4131 Q1 | 105.4142} +0.0011 
2 ” ” 2463 a 65.8109 22.| 65.8130 | +0.0021 
” 5 Hs 2464 > 26.5141 23 | 26.5117) —0.0024 
” ” ” 2465 7 17.5973 * 17.5937 | —0.0036 
» » re 2466 }s 13 9173 98 | 13.9140] —0.0033 
Kagoshima. fea Eif wpm | 2467 ', 7.3953 30 7.3797 | —0.0156 
” ” ze EF ay 2468 | If, 1915. 4.3695 27 4.3514 | —0.0181 
» ” Ay JI my | 2469 oo tf 2.3351 30 2.3310 | —0.0045 
Yoshino. FESESER Ge BF A | «2470 bs 7.5119 29 7.5338 | + 0.0219 
” » 9 2171 SS 9.7798 33 9.8253 | +0.0455 
9 » ” 2472 - 10.9840 28 | 11.0677 | +0.0837 
” ” 9» 2473 5 5.13854 | XII, 6.) 5.2329] +0.0975 
| ” ” ” 2474 5 6.1434 ih 6.2664 | +0.1230 
2” ” ” 2475 be 5.2009 6 5.2939 | +0.0930 


[Province of Osumi.] 
Shigetomi. 4S Jt AR Bt BH | 2476 ‘ 11.4009 7 | 11.4795} +40.0786 
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Bench Mark. 


Locality. 


No. 


Month, 
Year. 


[Province of Osumi.] 
Shigetomi, iy & # Hm WN 
Chosa. ot Sheen 
Kajiki. = pyar My 


e- 3 + 
9 ” > 
Nishi-Kokbu. Ms Pa Bday EY 

99 99 » 
4 i 9 
Higashi-Kokbu. #5 RETA 
x 1 9 
Shikine. ; Br tL PY 
‘ f ie 
Fkuyama. | 53 ims WAY 
» *) 99 


Usbine. if Bt RO 


Tarumizu., 


” 


” 


VIII, 1914. 


VII, 1914. 


” 


Leveling, 1914-15. | Leveling, 1918-19. 5 
: He 
Height. | Date. | Height. : 
metre.| 1918. metre.| metre. 
4.5496 | XII, 5 4.6076 | +0,U580 
9.6614 5 9.7027 | + 0.0413 
9.3290 10 9.3703 | +0,0418 
2.6123 10 2.6531 | +0.04(8 
46.2198 10 | 46.2676 | +0.0478 
15.3861 14 | 15.4500} +0.0639 
115611 14 | 11.6238 | +0.0627 
2.€899 13 2.9414 | +0.0515 
4.8130 13 4.8504 | +0.0374 
2.5855 16 2.5987 | +0,0132 
2.9744 16 2.9617 | —0.0127 
56.8259 16 | 56.8051) —0.0208 
ales). 
2.2544 | I, 2.2123 | —0.0421 
5.7590 4 5.7165 | —0.0425 
26216 5 5.6171 | newly set. 
* 9.3017 5 9.2835 | —0.0182 
6.2465 13 6.2372 | —0.0093 
14.2079 8 5.8552 | newly set. 
2.1600 10 2.1449 | —0.0151 
8.4140 11 8.960 | —0.0180 
5.4574 11 5.4106 | —0.0468 
4.0482 19 40328 | —0.0154 
8.2395 22 8.1826 | —0.0569 
12.2759 22 | 12,2595 | °—0.0164. 
6.0637 23 6.0570 | |—0.0067 
3.0201 25| 3.0033 —0.0168 
2,9455 26 2.9217 | —0.0238 
4.1481 28 4.1184 | —0.(297 
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Bench Mark. Leveling, 1914-15. | Leveling, 1918-19. 2 

: 5 

Locality. No. uae Height. | Date. | Height. Z 
[Province_of Osumi. ] vt nd La fis st bribe 
Tarumizu. if FB #8 We 7k A | (2505) VIL, 1974. 83,0159 1. 28 2.9892 | —0.0267 
_ PA 5 2506 | IX, 1914. 5.4960 27 5.4727 | 0.02383 
af ee es “507 3.7853 27 3.7669 | —0.0184 
Shinzyo. be | ep bk HY | 2508 a 3.6367 29 3.6197 | —9-0170 
” 99 5 2509 s 4.1233) I. 1 4.1075 | —9.0158 
- “A ; 2510 = 7.6411 1 7.6283 | —0.0128 
Hanaoka. fi mp | 2511 " 17.4511 1| 474451 | —0.0c60 
is "4 » | 9528 “ 128.2957 1 | 128.9896 | —0.C061 
Shikine. ie BBR Be MA | 62797) TT, 1915.| 88.2051 xt 0 88.1827 | —0.0224. 
Fkuyama. z i Wi #f | 2796 E 164.2492 19 | 164.2213 | —0.0279 
03 Ps z 2795 % 254.1953 18 | 254.1566 | —0.0387 
» ” » 2794 a 337.C075 27 | 336.9655 | —0.0420 
& ‘ x, 2793 ‘ 380.7444 26 | 380.6985 | —0.0459 
” » » 2792 | XII, 1914.| 367.3154 26 | 367,2631 | —0.0523 
Ft 3 3 2791 3 307.8617 25 | 307.8069 | —0.0548 
Be a .; 2790 5 297.7945 25 | 297.7386 | —0.0559 
Sueyoshi. ret WA BR OAe HH AY | «2789 . 292.1460 29 | 292.0906 | —0.0554 


CHAPTER II. SHEA-LEVEL CHANGE AT KAGOSHIMA. 


4. 


Sea-level change after 1914. 


The great Sakura-jima. 


eruption of 1914 was followed by abnormal changes in the height 


of the mean sea-level of the Kagoshima bay; the course of the 


variation during the first two years having already been considered 


in Part 2 of the present Volume. 


In the following §§ I give a 


few remarks on the results of the tide gauge observations carried 
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on by the Civil Engineering Department of the Kagoshima Pre- 
fecture at the Kogoshima harbour during the 6 years 1914 to 
1919. 

5. Maximum daily tide range. According to Table V, the 
maximum daily tide range in the different months after the erup- 
tion varied, in the yearly mean, between 9.86 shaku* (=2.99 m.) 
and 10.01 shaku (=3.03 m.) with the general average value of 


9.93 shaku (=3.01 m.). These values are almost exactly identical 


TABLE V. DAILY MAXIMUM TIDE RANGE AT THE KAGOSHIMA 
HARBOUR BEFORE END AFTER THE GREAT SAKURA- 


JIMA ERUPTION OF 1914. (In shaku.) 
ss. Year. creda After the Eruption. 
BS 
Month. one 1903 1904 1914 1915 1916 1917 1918 1919 
I 10.7 10.4 = a 10.5 10.7 9.9 9.35 
II 10.1 10.9 8.3 7. 10.4 10.25 10.5 9.8 
Ill 9.2 10.2 10.6 8.9 9.7 7 9.55 10.0 9.8 
IV OF, 9.6 10.4 10.6 9.8 9.65 10.3 10.7 
Vi 10.2 9.8 — 10.2 10.2 9.45 10.3 11.15 
VI 10.1 10.0 — 10.0 10.0 9.45 9.4 10.25 
VII 10.6 10.1 —_ 9.8 10.4 10.2 9.75 9.6 
VIII 10.1 10.4 — 10.7 10.1 10.2 9.75 9.3 
aXe 9.2 10.1 — 8.6 9 5 10.0 he 9.35 
xX OF 9.9 — 9.6 8.5 9:95 10.4 10.3 
XI 9.0 9.6 — 10.0 D7 Do 10.1 10.6 
XIT 9.9 9.6 == 10.3 10.4 See 10.05 10.3 
Mean. 9.83 10.05, Sarees 9.86 9:93 9.90 10.01 10.04 
General Mean. - 9.94 9.95 


. 1 
* 1 shaku=0.994 salah Sony x1 metre. 
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with those for the years previous to the eruption, the average 
range in question during 1903 and 1904 being 9.94 shakw (=3.01 
6. Annual variation of mean sea-level. The Kagoshima 
bay mean sea-level relative to the coast attained its maximum 
elevation at the latter part of the year of the great eruption, 
1914, after which it began to be lowered somewhat. As 
TABLE VI. MEAN MONTHLY SEA-LEVEL HEIGHT AT THE HARBOUR 


OF KAGOSHIMA BEFORE AND AFTER THE SAKUR4-JIMA 
ERUPTION OF 1914. 


a 


Sa ge pe After the Eruption. 
Month. 
Mean. (Relative), 1915 | 1916 | 1917 | 1918 | 1919 | Mean. eines 
“shaleu. | shaku. mam.’| shaku.| shaleu.| shaku.| shakcu.| shaleu.) shalcu. “shaku, Tam. 
i 5.29 | U.28= 84.8 — 6.65| 6.81] 6.35) 6.82} 6.66 0.00= 0.0 
II 5,01 | 0.00= 0.0 || 7.26%] 6.80) 6.46) 6.67) 6.99) 6.73 0.07= 21.2 
If 5.28 | 0.27= 81.8 || 7.26*| 6.77) 6.35] 6.62) 7.06) 6.70, 0.04= 12.1 
IV 5240) O23 =) 69.7 4) 7.07 6.94, 6.55) 6.55) 6.88] 6.80, 0.14= 42.4 
Vv 5.23 | 0.22= 66.7 || 7.04 7.10| 6.75) 6.75} 6.83) 6.89) 0.23= 69.7 
VI 5.60: | 0.59=178.8 || 7:39 7.16| 7.10) 6.79) _ 7.33)” 7.15) 0.49=148.5 
Vil 5.95 | 0.94=284.8 || 7.49 7.40| 7.22} 7.40) 7.35) 7.37) 0.71=215.1 
Vill 6.04 | 1.03=312.1 || 7.76 8.01 , 7.61) 7.58) 7.74 7.74) 1.08 =327,2 
IX 6.11 | 1.10=333.3 || 7.69 | 7.49| 7.55} 7.93) 7.47) 7.63) 0.97=293.9 
Xx 5.9£ | 0.93=281.8 || 7.54 7.48 7.48 7.63) 7.36] 7.50) 0.84 = 254.5 
XI 5.385 | 0.834=103.0 || 7.34 ¢ 391 G85 718! 7.05) 7.15) 049— 118.5 
XI 5.13 | 0.12= 36.4 || 6.82 7.05} 6.46] 6.85) 664) 6.76) 0.10= 30.3 
shaku, shalu.| shaku.| shaku. shaleu. shaku.| 
Mean Level. 5.01 a 7.33 7.19| 6.93) 7.02) 7.13) 7.13 — 
ape en | r61.87, 762.29 762.28 762.65 761.08] | — 
Mean Le ve AER e Cae Cie Rae alee) een 


oe = =a 


uction of the mean monthly value in the annual variation, as the 
sea-level elevation was then markedly much greater than in the other years. 
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will be seen, however, from Table VI, the sea-level decrease 
ceased to be distinctly marked since February 1915. Consequently 
the average height for the different months of the year deduced 


from the tide gauge observations during nearly the five years 


Annual Variation of the Mean Sea-level at Kagoshima and Hososhima. 


(Averaged from the observations during the 5 years after the Eruption, 1915-1919.) 
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Fig. 4. Kagoshima. 
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Fig. 5. Hososhima. 
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from April 1915 to Dec. 1919 will not be affected by the secular 
sea-level lowering to any considerable extent. Thus according to 
Table VI and fig. 4, the mean monthly sea-level in the time: 
interval under consideration subsequent to the eruption was lowest 
in December, January, February, March, and April, and highest in 
August and September; the maximum amount of the fluctuation 
or the extent. of the annual. variation in the mean height of the 
sea surface being 1.08 shaku=0.33 m. 

It will be noted that the general course and the amount of 
the annual variation subsequent to the cruption as above mentioned 
is very much similar to those for the years previous to the latter. 
Thus, in 1903 and 1905, the mean monthly sea-level was also 
highest in August and September, the range of the annual variation 
being 1.1 shaku=0.33 m. _ : 

The annual variation of the sea-level height at the tide gauge 
station of Hososhima during the corresponding time interval was 
almost perfectly identical with that at Kagoshima here considered. 
(See fig. 5 and Table X.) 


a | > 
+f 


y \ 


TrMmNV 7WMWWweK xX © 


Fig. 6. Annual Variation of the Mean High-Water Level at Kagoshima. 


(Averazed from the observations during the 6 years after the Hraption, 1914-1919.) 
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TABLE VII. MAXIMUM MONTHLY SEA-LEVEL HEIGHT AT THE 
HARBOUR OF KAGOSHIMA, BEFORE AND AFTER THE 
SAKURA-JIMA BRUPTION OF 1914. 


After the Eruption. 


| 
1914 | 1915 | 1916 | 1917 | 1918 | 1619 | Mean,| , Mean 
| | _ (relative) 


. || shaku. | shakeu. | shaku. | shaku. _shaku. | shakeu. | shaku. | shuku, ram, 
= 113 11.4 11.6.|° 11.2 | 11.40) 11.88) 0.00= 0.0 
10.8 2A Seed des 115 | 11.7 | 11.85 11.63 0.25= 75.8° 


m | 194) 122] 118| 418] 115) 417) 1915 11.86 0.48=145.5 
IV 103|} 118) 120/ -116] 71.5) 415) 1225, 11.78 040-1219 
vy | o9] m5} 1218/9] n6|, 118 | 11.95, 11.76, 0.88=115.1 
VI = 106) 117) 122) 122) 115) 113) 12.20 11.85 0.47 =142.4 
yr | 108] 121) 121! 128] 128, 1325 12.05 12.35 097-2939 
Be EN | phy) Cpal) ek | 328 | 13.85, 13,11, 1.73=524.2 
ix’ | 12l| i27| 181) 128] 129] 129| 1255]. 12.74) 186-4191 
X | 410] 129] 125) 225) 126] “1265 12.35 12.58 120-3636 
ZI | 208] 199) 495) ‘1284 951) m8] 12.30 12.20 0.82=248.5 
xm | 9s] 28) 116| 117] 109] 118] 1165) 1141/003= 91 
wigan 10.51] 12.06 1214 12.07] 11.90 11.99 12.21. 12.05 es 


7. Annual variation of maximum high water level. <Ac- 


cording to Table VII, the greatest spring tide in the Kagoshima 
harbour during the first 5 years was 13.5 shaku and occurred in 
August of the year of the eruption. In 1919, six years after the 
latter event, a still higher level of 13.85 shaku was reached in 
August. ‘Taking the averages from the six years, 1914 to 1919, 
the high water was lowest in December, January, and February, 
and highest in Augast and September; the amount of the annual 
fluctuation of the monthly value being 1.73 shaku — 0.52 m. 
Although the high tide level is naturally mach affected by the 


barometric pressure existing at the time of the springs, the course 
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of its annual variation is on the whole much similar to that of 
the mean monthly sea-level. (See fig. 6.) 

8. Tide range and the subsidence of ground. The remark- 
able subsidence of the ground in Sakura-jima and about and 
under the northern portion of the Kagoshima bay, which set 
in after recent great eruption, is doubtless to be attributed to the 
great amount of the lava outflow and of the pumice and ash 
ejection, whose_volume aggregates to 2.2 c. km., or 1/12th of that 
of the whole mountain. It is likely that after the eruption of 
1914 a partial void, or a state more or less equivalent to a void, 
existed under the voleano on the region neighbouring it, and it 
might be supposed that such a condition would favour an increase 
in the range of the daily tide motion and of the annual variation 
of the mean monthly sea-level. This was, however, not the case; 
there being, according to the two preceding §§, no apparent dif- 
ference of the sort under consideration before and after the great 
outburst. The conclusion is that the earth’s crust, or rather the 
surface ground, about the Sakura-jima was, even immediately after 
the eruption, rigid enough to be thrown into daily or annual 
vertical oscillation by the tidal water, at least not to such an 
extent as would be revealed by the ordinary tide gauge observa- 
tions. 

9. Average height of Kagoshima sea-level. In Table VIII 
are compared the average heights of the sea-level at Kagoshima 
(referred to the bench-mark No. 2469 at Ogawa-machi, in Kago- 
shima) for the different ycars before and after the eruption. (ii) 
and (iv) give the annual means respectively of the monthly mean 
and of the monthly high tide level; while (i) gives the mean 
sea-level during the three months of February, March, and April, 


during which the sea-level is lowest and nearly constant. (iii) is 
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Fig. 8. Hososhima. 


Yearly Variation of the Mean Sea-level, 1914-1919. 
(A) Annual mean height. (B) Mean height in Feb., March, and April. 
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TABLE VIII. AVERAGE SEA-LEVEL EBFORE AND AFTER 
THE ERUPTION. 


— =e: 
lefore the 


De duction of the oad i After the Eruption. | ent 
se 1908-1908, 1914.| 1915.| 1916.) 1917.| 1918.) 1919/50 | (rn) 
ee a shaku. ieee shalcu.| shakcu.| shakcu.| shaleu. shalcu.'shaleu. shaku. 
(i). Feb., March, April. 5.18 | 6.55) 7.20 6.84 6.45, 6.61 6.98) 6.77) 1.59 
(ii). Whole Year. 5.51|| —| 733) 719) 693) 7.02] 7.18 7.13 1.62 
Se Bee calec on ete 5.63 —| 7.41) 7.28) 7.02] 7.13! 7.29! 7.21 1.59 
Monthly highest sea-— ie is ae ee er 
ee oe 10.51 11.98 1214 12.07 11.90) 11.99 12.26,12.06 1.55 


= 


TABLE IX. MEAN MONTHLY BAROMETRIC HEIGHT AT KAGOSHIMA, 
REDUCED TO SEA-LEVEL, IN MM. 


| eee cea eo Til IV ae a | fa kul VI | Se TX: XI | XII | Mean. 


Year. 


1915 167,91 763.96) 764.84) 762.63) 759. £0 758. 90 757. 80 753. RL 757.88 761.59 766.90 766.27 761.87 


1916 | 768.24 763.38) 765.11) 763.47) 760. 40 757. 96 758.01 754. 69 7€0. 61) 763. a 765.44 766.45 762.29 


| | 
1917 | 767.69, 764.99] 765.33] 760.70, 759. 99 757. 75 758.87 757. 54 760, 58 761.86 766.58 765.47 762.28 


1918. | 167.32 767.90| 764.91| 762.76) 760. 20 758. 67) 755.1 758.8 Lie o7 763. 8 766. 87 766.72 762.65 
1919 | 766.29 765.49| 763.69| 762.17) 760. 88 755. 2 757.6 ee 2 758. 20 762. 03 764.15 760.27 761.98 


| | | 
| | 


| | | | 
Mean. | 767.49 765.14) 764.78) 762.35 760.25 757.82 757.49 757.21 759.10 762.61 765.99 766.24 762.21 
| | | 


the same as (ii) with a barometric correction, i.e., reduced to the 
case of the pressure of 760 mm., supposing 1 mm. barometric 
decrease to be compensated by the sea water rise of 13.3 mm. 
(See figs. 7 and 8.) The general average water level during the 
6 years following the eruption was about 1.6 shakw (=0.49 m.) 
“higher than in 1903-1905. 

10. Comparison with the mean: sea-level at Hososhima.. 


For the sake of reference let us here examine the contemporaneous 
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changes in the mean sea-level at the tide gauge station of Hoso- 
shima, which is situated along the Pacific coast of the 
neighbouring province of Hyuga to the N. EK. of the Sakura-jima. 
The average height in question was —2.541 m. in the years (i) 
1903 to 1905, and —2.603 m. in the interval (ii) of 1915 to 1919, 


as shown in Table X. Thus the average sea-level in the period 


TABLE X. MBEAN SEHA-LEVEL AT HOSOSHIMA. 


Mean \ Year, Mean | 
Year. sea ae Tots 1916 1917 1918 1919 Mean. | ( re 
level. Month. tive). 

er Hy) eC) | |) ee 
m. m. m. m. m. m. m. mm. 
1903 2.531 I 2.6€6 2.702 2.648 2.852 2.702 2.714 12 
1904 2.551 II 2,620 2.675 2.748 2.786 2.662 2.698 28 
1905 2.540 Ill 2.°35 2.723 2.813 2.815 2.616 2.726 0 
1906 2.597 IV 2.597 2.634 2.758 PBT 2.641 2.685 41 
1907 2.574 V 2.604 2.572 2.706 2.713 2.642 2.617 Key 
1908 2.556 VI 2.489 2.508 2.580 2.684 2.517 2.556 170 
1909 2.575 VII 2.532 2.492 2.590 2.579 2.524 2.543 183 
1910 2.598 VIII 2.403 2.325 2.474 2.539 2.483 2.445 281 
1911 2.614 IX 2.413 2.490 2.529 2.420 2.555 2.481 245 
1912 2.597 x 2.459 2.455 2.524 2.507 2.543 2.498 228 
19.3 2.583 xI 2.539 | 2.430 2.662 2.560 2.548 178 
1914 2.584 XII 2.689 2.577 2.767 2.669 2.676 50 

Mean. 2.554 2.550 2.650 2.658 | 2.592 


[ge EI eereertany| Soteimenel yoke ty! 3S Ue A: ie Keel ee 
(ii) was 2.603-2.541=0.062 m. lower than in the period Gi). LE 
this depression ought to exist independently of the Sakura-jima 
eruption also for the Kagoshima bay, the sea-level at the coast of 
the latter may be assumed to have experienced in reality an eleva- 
tion of 0.49 m.-+0.06 m.=0.55 m. nearly between the two time 


intervals under consideration. 
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Il. Variation of thé yearly mean sea-level. As illustrated 
in fig. 7, the mean sea-level at Kagoshima for February, March, 
and April, which was only 6.55 shakuw in 1914, reached the 
maximum height of 7.20 shaku in 1915, thence being reduced to a min- 
imum of 6.45 shaku in 1917. Thereafter the mean level was again. 
elevated, reaching the height of nearly 7.0 shaku in 1919. The height 
of the mean yearly se2-level also indicated a similar course of 
variation with a minimum in 1917. The reduction to the standard 
barometric pressure of 760 mm., which gives only a slight modifica- 
tion to the mean sea-level, does not much alter the relative 


heights of the lattcr for the different years. 


CHAPTER III. CHANGE IN THE DEPTH OF THE KAGO- 
SHIMA BAY BEFORE AND AFTER THE ERUPTION 
OF 1914. 


12. Hydrographic surveys of Kagoshima bay. According 
to the precise leveling carried on in 1914-1915 around the northern 
or inner portion of the Kagoshima bay, the centre of the distur- 
bance, where the depression might amount to 1 or 2 fathoms, was 
unmistakably located in the latter. I asked, therefore, Rear- Admiral 
Kamimra, hydrographer of the Navy, to make new soundings 
for the purpose of ascertaining the changes in the water depth 
due to the eruption of Sakura-jima. Although the depression of 
the sea bottom formed no. cause of inconvenience to the naviga- 
tion, the work of completely resounding the bay, which was a task 
of highest scientific importance to be solved adequately nowhere else, 
was taken up by the Navy and very minutely carried into execution 
in 1917, a preliminary survey having been made off the 8S. W. 
coasts of Sakura-jima already in the latter part of 1914. The number 
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of the soundings taken in the first hydrographic survey of the Kago- 
shima bay, executed in 1906, was far smaller than that on the 
recent occasions. Hence the comparison of the old and new depths: 
of the water at different points of the bay is to be regarded as being 
only approximately correct. At those portions of the bay, however, 
where the sea bottom is flat and the depth does not mach vary 
from place to place, the amount of the relative depression or 
elevation can be ascertained with a fair degree of accuracy. It 
is hereby to be remarked that the water depth given on a chart 
is expressed in fathoms, the amount below one fathom being 
altogether not taken into account. Thus the comparison in the 
present instance, based on the examination of the old printed 
charts and the new detail manuscript charts of the Kagoshima bay 
may be subject to some error, ranging between 0 and 5 feet. 

13. Depth of Inner Kagoshima Bay in 1917. All along the 
coast of Sakura-jima, except at the N.W. portion, there are promon- 
tories of various dimensions formed by lava streams; these latter 
having caused a certain modification in the contour in the immediate 
vicinity and sometimes leading to the formation of small lava islets 
off the coast. Marked elevations and depressions of the sea 
bottom were, however, confined almost entirely to the northern 
portion of the bay, these changes having accompanied a great vol- 
canic outburst on more than one occasions previous to 1914. Fig. 
9, which has been drawn from the new Navy charts of the Kago- 
shima bay and of the Kagoshima harbour, gives a general repre- 
sentation of the present depth of the sea around Sakura-jima. It 
will be noted that in the northern portion of the bay which ts 
deep and in which the 50-and 70-fathom isobath lines run quite 
close to the coast, there exist three | dep h centres ie B, and 


C, respectively of the maximum depths of $3) AB eens 
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fathoms; the first being situated at the west and the other 
two at the eastern parts of the sea under question. (B) and 
(C) form evidently a continuous trough, which is separated from 
(A) on the west by a sort of a N.-S. submarine ridge formed by 
the three areas I, II, and IIH, which are shallower than the 
adjacent parts, and which are bounded by the isobaths of 70; 50; 
and 50 fathoms respectively. From the figure, it will be observed 
that these areas form protuberances, the first from the northern 
shore of the bay and the two latter from the N.E. part of Sakura- 
jima, close along which the 50-fathom isobath runs otherwise 
continuous and parallel to the coast. In fact the formation of the 
area ILI is due to the great Sakura-jima eruption of 1779, when the 
sea bottom, previously 80 or 90 fathoms in depth, was raised up, 
forming amongst the others new islet of Moec-jima, whose present 
hight is 43.2 m. above the sea surface. It is probable that the 
area II was raised at the time of the eruption of the Bummei 
period, 1468-1476, when the lava promontory of Omo2-zaki was 
formed in the vicinity; also that the area I was raised in the 
Tempyo-Hoji period, 764 A.D.,. when. the submarine eruption off 
the north coast of the bay resulted in the formation of three new 
islets, the Heta-kojima and the Oko-jima group of the present day. 
The ridge I-HI-II thus seems to be mainly the effects of the eleva- 
tion due to the eruptions during the historical times, and is to be 
regarded as the result of the powerful upward tension, or expan- 
sive force existing along the chain connecting the two active 
voleanoes of Sakura jima and Kirishim:-yama. It is conceivable’ 
that with the formation of a new elevation area, the three depth 
centres A, B, and C, were affected and more or less deepened on 
the occasions of the different great eruptions of Sakura-jima, as was 


actually the case. with the changes caused by the recent outburst. 
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14. Difference in depth of Inner Kagoshima Bay before and 
after the eruption. Pl. X in No. 2 of the Bulletin, Vol. VIII, 
gives a general sketch of the the contour of the bay’ bottom 
previous to the eruption of 1914, based on the hydrographic survey 
in 1896. In that year the maximum water depths in the northern 
inner bay were 83, 110, and 78 fathoms respectively at the areas. 
A, B, and C (fig. 9), while the corresponding depths after the 
eruption have become 85, 118, and 84 fathoms. Hence we may . 
say that the greatest depth of the bay was increased by 3 fathoms. 

The amount of change in the water depth at different’ points 
of the bay before and after the great Sakura-jima outburst was. 
from —38 fathoms (decrease) to +4 fathoms (increase); the 
pronounced variation being, as shown in fig. 10, principally localized 
at the three depression areas D,, D:, Ds, and the two elevation 
areas E, and Ex. ‘The integral extension of the two latter is much 


smaller than that of the three former. 


| ares Amount of Change. 
ee Approximate (Gathows,) 
Change. | : Avon Extension. 
(Ground level) | Depth. i 
(sq. km.) Average. Maximum. 
D 17.6 +24 | +4 
Depression. | Increase. Dz 15.0 41.7 | +3 
| 
D; 8.1 15855 +4 
| 
| E, 10.0 18 1 nes 
Elevation. | Decrease. 
EB 0.8 -1 / =! 


Of the three depression areas D,, D., and. D;, which approximately 
coincide with the three depth centres A, B, and C (fig. 9) re- 
spectively, the first shows the change most markedly, the increase 
in the water depth reaching 3 to 4 fathoms. This accounts for 
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the specially great amount of the level changes at the Osaki-bana 
bench marks, situated nearest to the area D,. In the two areas 
D, and D, the amount of the depression was a little smaller than 
in D.. 

Of the two elevation areas, E, is well defined and indicates 
the depth decrease of 1 to 3 fathoms. It is situated between the 
_two depression areas D, and D,, the centre being some 5 km. 
to the east of the Osaki-hana promontory. The small elevation 
area E, is situated to the 8.W. of the depression area D, at the 
place where the inner bay joins the shallow Kagoshima strait. 

The existence of the elevation areas E, and E, is by no means 
abnormal. On the contrary, their formation is quite similar to 
the elevation of the tract (III in fig. 9) about the Anei new islets 
at the time of the Anci (1779) eruption. From the proximity to 
the submarine ridge I HI II (fig. 9) the principal elevation area 
KE, may be supposed to have been brought into its present condi- 
tion by the underground tension along the Sakura-jima and Kiri- 
shima-yama volcanic chain. It is hereby to be remembered that, 
with respect to the eruption of 1914, the three areas D,, D,, and 
D,, are merely the maximum depression centres, the whole bottom 
of the inner bay having, with the exception of the two small 
elevated portions Ei and E., been depressed more or less markedly. 
As shown in § 8, the disturbed region under and about the inner 
bay has, since 1915, undergone a slight elevation, and the centre 
of the 100 mm. upheaval line (fig. 2), which may be termed the 
origin of recovery, approximately coincides with the middle portion 
of the area K,, at about ¢=31°40' N., 4=130°40’ E. 

15. Depression volume. The depression volume at D,, D:, 
and Ds, is 0.149 c. km., while the elevation volume at E, and E, is 
about 0.025 ¢.km.; the resultant volume change at these five 
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districts taken together being 0.124 c. km. of depression. In this 
connection it may be noted that the maximum level depressions 
along the W. coast of the inner bay was indicated at the B.M. No. 
2474, and along the N. coast at the B.M. No. 2483. The amount 
of the change at these two places in 1915 referred to 1892 were 
0.949 and 0.739 m., or when referred to the epoch immediately 
preceding the great Sakura-jima cruption in 1914, respectively 1.10 
and 0.89 m. (See p. 156.) Thus the average depression for the 
bottom of the inner bay, with the exception of the 5 local area 
D, D., D, Ey, and E, may be assumed without the risk of ex- 
aggeration to be about 1 metre. This gives the depression volume — 
of 0.271 e.km. Further, for the region around the inner bay, the 
depression volume is about 0.6 e.km. (See p. 169.) Hence the 
total volume of the resultant depression of the ground caused by 
the great eruption of 1914 comes out to be approximately 1.0 ¢.km., 
which agrees with the figure previously inferred (p. 161). In 
round numbers this is equal to half of the volume of the lava 
and ashes ejected from the volcano during the outbursts in ques- 
tion, and the ratio is not likely to be increased in the course of 
time, as the restitution of the disturbed region has already set in 
to a marked degree (Chapter I). On the other hand, the central 
part of the Sakura-jima island (now converted to a peninsula) 
indicates a trace of some permanent elevation (p. 168). The result 
is that in the eruption of 1914, the Sakura-jima has given out 
more material than has been compensated by the subsequent de- 
pression of the earth’s crust under and about the mountain, which 
is consequently caused to become rarer in density. This accounts 
for the diminution of the force of gravity generally observed in 
the neighbourhood of a volcano. 


16. On the origin of Inner Kagoshima Bay. We have 
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seen that the bottom of the inner bay has with the exccption of 
limited localities generally suffered a depression. A part of the 
depression has already been restituted; the ratio being, for the 
Osaki-hana promontory nearest to the depression centre, equal to 
0.178/1.1m. or 1/6 nearly. But it seems not likely that the entire 
depression should finally be cancelled. Each great eruption of 
Sakura-jima probably did produce a certain permanent deepening 
of the inner bay. In the eruption of 1914, the volume of the 
materials thrown out was 2.2 c.km., or nearly 1/12th of the 
whole mountain above the sea-level; the maximum amount of the 
bay bottom depression being about 4 fathoms. If the first stage 
in the building up of the Sakura-jima volcano consisted in sub- 
marine eruptions, the total volume of the lava brought out of the 
underground reservoir in the course of the subsequent time interval 
must be much greater than the mountain volume above stated, 
and we may imagine the consequent total depression of the inner 
bay to amount to 100 fathoms or so. In other words, the formation 
of the inner bay may be supposed to have been principally due to 
the building up of the Sakura-jima, and also of the Kirishima-yama, 
between which two volcanoes it is situated. The former Seto 
strait between the S.E. end of the “island” and the main land 
of the province of Osumi has already been blocked up dy the 
lava streams of 1914. Again, between the west end of the Sakura- 
jima and the province of Satsuma the water is quite shallow, with 
the minimum depth of only 20 fathoms at the strait centre, while 
the recent lava streams have narrowed the channel materially. A 
future lava outflow from the west flank of the volcano or an up- 
heaval of the sea bottom may easily close up the Kagoshima 
channel, and reduce the present inner bay into a lake behind 
the Sakura-jima volcano. 
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17. On the local limit of depression The question of the 
future transformation of the inner Kagoshima bay naturally 
leads to the consideration of the depth of a large water body 
existing behind a voleano or between two volcanoes. T'wo very 
interesting examples of this type of geographical configuration are 
found in the volcanic regions of the Usu-san and the Tarumai-dake 
in the S.W. part of Hokkaido. The lake of Toya, 8 km. in 
diameter, is situated at the back of the Usu-san, or rather between 
the latter and the Makkarinopli (Yezo-Fuji) ; and the lake of Shikots, 
8x4 km. in size, between the Tarumai-dake and the Eniwa-dake, 
at the distance of 42 km. to the N.E. of the first mentioned 
lake. These two lakes as well as the large Volcano Bay itself, 
which derives its name from the existence of the remarkable 
voleanoes of the Usu-san, the Makkarinopli. and the Komaga-take 
along its coast, were probably formed by the depression due to 
the building up of the different volcanoes in the respective vicinity. 
The maximum water depth of the Volcano Bay, about 50 km, in 
diameter, is 59 fathoms, or 107 m.; while that of the neighbour- 
ing lake of Toya, whose surface is 85 m. above the sea-level, 
is 106 fathoms (=192 m.), so that the bottom is also 107 m. 
below the latter. Again, the maximum depth of the lake of © 
Shikots, whose surface is 248 m. above the sea-level, is 197 
fathoms (=358 m.). The bottom which is flat, is therefore 
110 m. below the sea-level. Thus it will be seen that the bottoms 
of the Voleano Bay and of the two lakes of Toya and Shikots, 
are all nearly at one and the same level, namely, obout 110 m. 
below the sea-level. This probably indicates, for the region con- 


cerned, the limit of the possible crustal subsidence, by which 


* This 2 is the translation of my article on the subject published in the Toyo Gakuget 
Zasshi, 1917. 
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agency the three water bodies in question were brought into 
existence. It may be assumed that each volcanic district has a 
proper limit of the depression determined by its isostatic condition. 

In the case of the Kagoshima bay, the maximum water depth 
of the northern or inner portion, the “lake,” is 113 fathoms, and 
is not much different from that of the main, or southern, portion, 
namely, 129 fathoms. The equality of the depth will become 
more complete in future, as the inner bay will be depressed more 
or less at the occurrence of new strong outbursts of the Sakura- 


jima. 


‘Fig. 11. Chart of the Inner Kagoshima-Bay after the Sakura-jima Eruption of 1914. 


Reproduced from the Imperial Navy Hydrographic Chart No 221 (new edition), compiled from the surveys in 1916, 
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Fig. 12. Chart of the Inner Kagoshima Bay before the Sakura-jima Eruption of 1914. 


Reproduced from the Imperial Navy Hydrographic Chart No. 221 (old edition), 


compiled from the surveys in 1896. 
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THE SAKURA-JIMA ERUPTIONS AND 
EARTHQUAKES. V. 


Seismographical Observations of the Fore-shocks, After-shocks, 
and After-outbursts of the Great Sakura-jima Eruption of 1914. 


By 
F. Omori, Sc. D., 


Member of the Imperial Earthquake Investigation Committee. 


With Plates LXXVII—-LXXXVITI- 


CHAPTER I. OBSERVATION OF THE FORE-SHOCKS AT THE 
KAGOSHIMA METEOROLOGICAL OBSERVATORY. 


1. Gray-Milme seismograph observation at Kagoshima. 
The Gray-Milne seismograph observation made on Jan. 11th and 
12th, 1914, at the meteorological observatory of Kagoshima* forms 
a valuable contribution to the knowledge of the fore-shocks of the 
great Sakura-jima eruption which began on the 12th, at 10 a.m. 
_ The instrument, at rest in ordinary times, registered only those shocks 
which were intense enough to affect the electric contact-maker 
and thereby start the recording-drum into motion; the ‘pointer 
magnification being 5 for the E.W. and the N.S. components and 
10 for the vertical component. As will be seen from the list in Table 
I, the fore-shocks observed at Kagoshima numbered 418 in the 
course of the first 304 hours between 3.41.20 am., on the 11th, 


* See the Bulletin, Vol. VIII, No. 1. 
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TABLE I. HOURLY FREQUENCY OF THE BARTHQUAKES OBSERVED AT 


KAGOSHIMA ON JAN. 11TH AND 12TH, 1914, CLASSIFIED ACCORD- 
ING TO THE INTENSITY OF MOTION. 


Day. 11th. 12th. 
Inten- Sensible. Sensible. 
ess 2 gage eee S| eee 
Hour. - 6 g = B 3 fl S = . 3 5 s 
a z a|é | a |e? le te 
0-1 a. | 4 16 1 =~ = 
dz | 2 7 — as — 
2-3 3 4 = = — 
3-4 2 = = = 1 pe: 12 1 — — 
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223 8 5 1 Sa 6 5 me & ues ates 
3-4 10 3 1 == — 4 MAR a ee a = 
4-5 14 1 1 <2) eS 2 2 — ce | a aes ie 
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6-7 3 5 2 — a 7 ==) a — eke 1 
7-8 i Sao ek et 
8-9 15 10 fi Be ee = 13 
9-10" 5 10 Aiea ie |) 4 / 
10 -11 12 11 3 — = 14 
11-12 5 15 -_ = — 15 | 
Sum 127 82 27 2 —] jill | 18 | 110 10 | — | 1 


Sum, 
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and 10 4.m., on the 12th. Thereafter, with the commencement of 
the eruption, the frequency rapidly decreased, but the disturbances 
continued to occur more or less. for the several subsequent days. 
In Table II the list extends to the 18th of January (1914), bring- 
ing the seismic number up to 505. Had a tromometer been in 
use in Kagoshima at the commencement of the eruption, the 
earthquakes registered, both sensible and unfelt, would of course 
have been considerably more numerous. 

The Kagoshima meteorological observatory stood on the top 
of a flat hill, 120 m. above sea-level, outside the northern end of 
the city, ab y=31° 36/ N., 4=130° 33’ E.* Its site was at the dis- 
tance of 10.4 km. from the centre of the Minami-dake crater in 
Sakura-jima, and was nearly in the accurate prolongation of the 
N. 73° W.-S. 73° E. eruption zone connecting the series of the 
craterlets on the §.E. and the W. flanks of the mountain. I give 
next a few remarks on the time relation of the fore-shocks. 

2. Hrequency distribution of the fore-shocks. According to 
Table I, the intensity distribution of the 467 shecks observed between 


2 A.M.,on the 1lth, and 7 P.m., on the 12th, was as follows :— 


Earthquake Number of 
Intensity. Farthquakes. 
(Sie ie cle ea hh 1 PL Rate < el 235 
Mis mene meee eS Re Sy ya teas 192 
(UU UO CEPAN GB yd cheep sh a Sebo ate ee se 2 oT 
VOR UPON erent ete 2 hie! s ci acai fon via/eiee + 2 
(v) Violent (semi-destructive),............ 


Thus the frequency of the (i) unfelt earthquakes was exactly 50% 
and those of the sensible (ii) slight and (iii) moderate shocks 


respectively 41 and 8% of the total number. The (iii) modcrate 


* Removed in 1915 to its present position on the low suburb ground 1o the south of the 
city, at p=31°34/ N., A=130° 33’.E. 
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earthquakes: attained the maximum frequency between 6 .and 
11 p.m., on the 11th; while the two strong earthquakes took place 
between 9 and 10 a.m., and between 0 and 1p.m., on the 11th. In 
other words, the (iii) and (iv) shocks occurred or were most 
numerous respectively about 24 and 12 hours before the first 
commencement of the eruption at 10 a.m., on the 12th. 

As will seen from fig. 1, the course of the time variation of 
the frequency of the unfelt earthquakes was different in several 
points from that of the sensible on s. Amongst. the others, during 
the 1st 15 hours, i.e., from 3am. till 6 P.u.,. on the il ithwihe 
hourly number of the unfelt earthquakes remained on the whole 
greater than that. of the others, in the ratio of 83 to 40, or nearly 
2:1; while, during the next 15 hours, between 6P.m., on the 
11th, and 94.m., on the 12th, the sensible earthquakes became 
more numerous than the unfelt, in the ratio of 175: 96, or nearly 
2:1. This latter phenomenon, or the frequency preponderance of 
the stronger earthquakes over the smaller ones, is highly peculiar, 
and probably implies the intensification of the individual seismic 
movements in the hours immediately preceding the eruption, a 
supposition which is in accordance with the nature of the volcanic 
disturbances consisting of an abundant emission of smokes and 
ashes and an outflow of lava. From about 9 or 10 a.m., on the 
12th, at the time of commencement of the outbursts, the unfelt earth — 
quakes- became again more numerous than the sensible ones, both 
sorts of the shakings quickly decreasing till the time of occurrence 
of the violent shock at 63 p.m. on the same day. Again, none of 
the premonitory earthquakes, which may be supposed to have 
been brought practically to end at about 3 or 4 p.m., on the 12th, 
was destructive or semi-destructive, and their maximum E.W. com- 


ponent motion (2a) was, according to the tromometer record in 
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Tokyo, less than. 0.03 mm., being considerably smaller than the 
corresponding maximum motion (=2.9 mm.) of the strong shock 
above referred to. This shows that the latter was of a great 
magnitude altogether different from the numerous precursory shak- 
ings of the volcanic outbursts. These two facts relating to the 
time of occurrence and the magnitude of the strong shock in the 
evening of the 12th seem to indicate that it was in nature a 
large earthquake and not local to the Sakura-jima only. 

3. 3-hourly frequency of the fore-shocks. The 3-hourly 


frequency of the premonitory earthquakes was as follows :— 


Hour. 11th. 12th. |}. “Hour. 11th. 12th. 
0-3 a.m. 0 37 | 0-3 P.M. 35 14 
3-6 16 60 | 3-6 45 6 
6-9 9 59 6-9 50 2 
9-12 18 52 | 9-12 65 


It will be seen that the frequency increase during the 11th was 
in a nearly linear relation to the time, with the mean rate of 
about 3.0 shocks per hour. 

In Table XIV of the Bulletin, Vol. VIII, No. 2, is given the 
hourly value of the barometric pressure at Kagoshima during the 
5 days, from the 10th to the 14th of January, 1914. There is 
no apparent relation between the variation of the barometric pres- 
sure and that of the earthquake frequency. 

4. Diurnal variation. From Table I and the illustration in 
fig. 2, it will be seen that the diurnal variation of the unfelt 
earthquakes indicates the minimum hourly frequency at 6-8 A.M. 
and 6-8 p.m., and also at 1-2 a.m. and 1-2 p.m., being rather op- 


posite to that of the sensible shocks. The frequency variation of 
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Fig. 2. Diurnal Frequency Variation of the Sakura-jima Fore-shocks instru- 
q ys J 


mentally registered at the Kagoshima Moteorological Observatory. 


0-/ 


Fay = Ty Toy Tg 


(A) Unfelt Earthquakes. (B) Sensible Earthquakes. 
(C) Unfelt and Sensible Earthquakes taken together. 
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the unfelt and sensible earthquakes taken together shows 4 maxima 
more or less distinctly, at 8-9 a.m. and p.m., and at 3-4 a.m. and 
p.m. The diurnal frequency variation of the Sakura-jima fore- 
shocks may thus be considered as having been maximum at the 
hours of the barometric maximum and minimum: a result similar 
to the relation found of the ordinary earthquakes in Tokyo, 
and of the jinari (earth sounds) at the hot spring place of 
Arima. . 
TABLE II. LIST OF THE VOLCANIC EARTHQUAKES REGISTERED WITH 


A GRAY-MILNE SHISMOGRAPH AT THE METEOROLOGICAL OBSER- 
VATORY OF KAGOSHIMA. JAN., 11TH TO 18TH, 1914. 


Time of [fs Time of |8 » ; 
No. eae Ea Nature of motion.* No Ocgkeraniee ER Nature of motion.* 
Jan. 11th, 1914. Jan. 11th 1914. 
h =m 7s ; h ™ 8 
1 41 20am.| 0 14 | 5 07 40am.) 0 
4 43 00 0 3 15 97 45 1 | Quick, 
J Quick, with vert. mo- 
3 59 00 1 | Quick. 16 58 00 2 pee houses shaken, 
Quick, with vert. - 
4| 4 01 49 2  eateatone | 47.| 7 45 44 1 | Quick, 
5 04 00 0 . 18 59 00 0 
6 06 20 0 19 | 8 01 00 0 
7 08 20 0 20 13 00 0 
8 TBS is 1 | Quick. 21 23 00 1 | Quick. 
Quick, with vert. | 
9 26 40 2 | ibrations; houses 22 29 00 0 
shaken. 
10 45 40 0 23 30 40 0 
11 54 00 0 24 39 00 (@) 
12 | 5 03 00 1 | Quick. ; 25 56 00 1 | Quick. 
13 O7 15 0 | 26 | 9 02 00 al | Veer 


* The intensity of earthquake motion is distinguished as unfelt, slight, rather moderate, 
moderate, rather strong, strong, and violent. ‘These seven degrees are denoted.-in this table re- 
spectively by the numerals 0, 1, 2, 3, 4, 5, and 6:— | 

0, Unfelt; 1, Slight; 2, Rather Moderate.: 3, Moderate; 4, Rather Strong; 5, Strong; 
6, Violent. 
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: bas 
No. Ge ae 3 4 Nature of motion. No. 
Jan, 11th, 1914. 
h om § = 

27 | 9 07 Wam. 0. 56 

23 21 CO 0 57 

29 36 00 0 58 
Quick, with vert. 

3) Byles 5 | motion ; pendulumn 59 

clocks stopped. 

31 10 37 30 0 6) 

By. 45 33 0 e 61 

33 58 00 0) 62 

3f£ |11 10 20 0 63 

35 12 30 1 | Quick. 64 

36 28 00 Ta Do; 65 

37 30 00 0 66 

38 32 00 1 | Quick. 67 

39 33 40 0 c8 

40 | 38 25 1} Quick. 69 

41 42 00 i) Foy. 70 

42 45 00 0 71 
Quick, with vert. mo- 

8 = f lee houses shaken. Ue 

44} 005 00p.m| 1] Quick. 73 

45 09 30 0 74 
Strong vert. motion, 

46 27 11 3 | with earth sound; 75 
ground cracked.. 

47 31 17 0 76 

43 34 00 0; 77 
Quick, with vert. mo- 

49 | 4300 5 {tion pendulumn 78 
clocks stopped. 

50 47 10 0 79 

51 50 00 0 80 

52 54 00 0 81 

53 | 1 04 35 0 82 

54. 19 00 0 83 

55 23 49 0 8t 


Time of 
Occurrence. 
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Nature of motion. 


Jan. llth, 1914. 


hm s 

1 24 00 p.m. 
29 00 
41 30 
45 
46 
50 
51 25 
53 
54 

2 01 
02 
05 
07 
09 
15 
17 
23 
30 
34 
36 
45 
54 00 
54 50 

3 01 00 
09 20 
14 20 
15 50 
18 00 
30 40 


| 


Quick, with vert. mo- 
tion; houses shaken. 


Quick, 


Quick. 


Quick, 


Quick. 


Quick. 


Quick. 


Quick, with vert. 
vibration. 


Quick. 


Quick. 
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362 
No. aceeee a as Nature of motion. No. poms E = Nature of motion. 
Jan, lith, 1914. Jan. llth, 1914. 
ham) h #m- 8 
85 | 3 34 OOP.) 0 114 | 5 20 00pm! 0 
86 | 36 40 0 115] 21 00 0 
| 0 | 0 116] au-co | 2 {Quibh with rex mo 
88| 46 34 0 117| 27 CO 0 
89 | 50 CO 0 118 |} 43 00 0 
90| 5130 1 | Quick. 119| 44 55 1) Quick, 
a1] sean | 2|{Guekrin rer: mo-| 99] 50.00 | 0 
92| 58 CO 0 121 | 51 00 0 | 
93 | 4 01 20 0 122] 58 00 1 | Quick. 
941 07 09 0 123 | 59 00 1 Do: 
95| 1210 2 (cae cra 124 | 6 01 00 14 De: 
°6 | 14 00 0 125] 01 30 1| Do. 
97 | 17 25 0 126] 14 20 0 
98 | 2000 0 127 | 15 40 0 
99 | 25 00 0 128} 20 00 0 
100} 27 00 0 129 | 2200 1 | Quick, 
101| 3509 0 130 | 24 00 1 (Do: 
102 | 3800 0 131 | 25 00 1| Do. 
1m} a0 | 0 roa aro | {Ql =f vr mo 
104 | 43 20 0 133 | 53 00 21 Do. 
105 | 47 00 0 134 | 7 01 00 21 Do. 
106 | 48 29 1 | Quick, 135 | 10 00 1 | Quick, 
107 | 56 20 0 136 | 15 15 1| Do. 
109} 5800 | 0 sor] sz | 9 {ueh wih et. mo 
109 | 5 ¢2 30 0 138 | 30 20 2| Do. 
110 | C4 00 1 | Quick. 139 | 34 00 0 
111] 05 30 0 140 | 36 00 1| Quick. 
12! 130 | 0 141] 4200 2 Qeameahiete Anos! ¢ 
113 | 15 30 0 142 47.00 0 
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Time of A Bb ze : Time of ql a . 
No. Gusircence! E = Nature of motion. No Cuetec = Nature of motion. 
eS 
Jan. lltn, 1914. Jan. 11th, 1914. 
he ays . * hem, 3 
Quick, with vert. mo- = : - 
143 | 751 00p.m.| 3 | ton: houses shaken, | 172 | 8 57 COpat) 1 | Quick. 
144 53 09 0 aly 58 00 1/| Do. 
Quick, with vert. mo- 
145 BS .00 0 174 | 9 80 00 a ey houses shaken. 
146 | 8 CO 00 1 | Quick, 175 O07 00 1 | Quick, 

- = Quick, with vert. mo- 
as ee) " 176 08-00 2 a houses shaken. 
148 08 00 0 117 12 00 1 | Quick, 

149 11 30 0 178 18 CO (0) 

Quick, with vert. mo- ae 
ee eee 2 ee houses shaken. ae aa) 4 Bs 
say 13 00 1 | Quick, 180 28 €O 1 | Do. 
152 18 vU 0 181 30 00 loteo: 
153 19 00 0 182 33 00 0 
154 | 21 00 0 183 | 37 00 1 | Quick. 

é Quick, with vert. mo- 

155 Ee) : eee houses shaken. = et 4 

156 26 £0 1 | Quick, 185 39 00 1 | Quick. 
157 28 00 0 186 44 00 0 

158 32 00 0 187 45 00 1 | Quick. 

Quick, with vert. mo- D 

159 ages 2 oe houses shaken. 188 ao : a 
160 41 00 0 189 48 00 0 

161 43 00 0 190 49 (0 1 |] Quick. 

(Quick, with vert. mo- 
162 ae 0 191 52 00 2 |tion; houses shaken, 
163 44 30 0 192 Ee) (YG) Qele-Do: 

164 45 00 1 | Quick. 193 |10 CO 00 Ore Gs 
165 46 00 »1/ Do. 194. 01 00 0 

166 48 00 0 195 03 00 1 | Quick. 
167 48 30 0 196 04 00 1 | Do. 
168 49 09 1 | Quick. 197 07 00 1 | Do. 
169 51 00 Tai Dos 198 11 00 al | ae okor 
170 55 00 0 199 13 00 0 

aly E6 00 1] Quick. 200 16 00 0 
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No. cs EB Nature of motion. No. ee 6. i8 Nature of motion. 

Teas 1ith, 1914. Jan. llth, 1914. 
an |10'17"00 pa 230 11°28" 00%ean| 0 | 
2:2 9 CO 1 | Quick. 231 29 00 1 | Quick. 
203 21 00 1 Do: 232, 30 00 1 | Do. 
204 22 00 0 233 34 00 0 
205 | 2400 | 2 |{ antes, we Tetaken, || 234) 3500 | 2 | Quick 
206 27 00 0 235 37 00 1+} Do, 
207 30 00 0. 236 51 00 1 | Do: 
208 31 00 ee uick, 237 53 00 1| Do. 
209 33 00 iL 1Boy 228 58 70 1 Do: 
210 | 38 00 1| Do. 

Jan. 12th, 1914. 
211 39 00 1 eDo: 
212 44 00 0 239 | U C3 00am.| 1 | Quick. 
213 45 00 0 240 04:00 T e2Do: 
214 47 00 0 241 05 00 0 
215 49 00 0 242 06 00 1 | Quick. 
216 50 00 () 243 09 00 1 | Do. 
217 51 00 1 | Quick: 244 14 00 0 
218 | 58 00 3 {eu erie cee 245) 18 00 1 | Quick 
2i9 |11 03 OJ 1 | Quick. 246 22 00 Lee; 
220 09 00 IE Do: 247 24 00 Leo: 
221 11 00 0 248 25 CO Leo: 
222 14 00 1} Quick. 249 32 00 ib jh Yeh 
223 15 00 1 De 250 33 (0 Leo: 
224 17 00 0 231 34 CO 0 
225 19 00 1} Quick. 252 35 00 1 | Quick. 
ae] 200 | | Do a0 aa 00 | 2 [Quek mitre mo 
227 20 30 L Do: 254 41 00 1 | Quick. 
: 
1 


No. 


Time of 
Occurrence. 


h m 8 
0 54 OU a.m. 


55 
57 
1 00 
06 
08 
20 
26 
31 
43 
51 
54 
2 05 
09 
20 
29 
41 
, 49 
54 
3 04 
11 
14 
16 
18 


20 


22 


Tnten- 
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a 
~ 
=) 

n 


Nature of motion. 


No. - 


Jan, 12th, 1914. 


00 
00 
00 
00 
00 
00 
00 
00 
00 


FPF BF HF 0 Oo pw 


Quick, 
Do. 


Quick, 
Do. 


Quick. 


Quick. 


Time of 
Occurrence. 
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FPF He wpb Oo FH 


12th, 1914. 


Quick. 


Quick, with vert. mo- 
||tion; houses shaken. 


Quick. 


Do. 


Quick, 


Quick. 


Quick. 


Quick, with vert. mo- 
tion; houses shaken. 


Quick, 


| Quick, 


{ 


| | Quick, with vert. mo- 


_[tion; houses shaken. 


366 


340 


Time of 
Occurrence. 


h m 
4 46 


49 
56 
5 05 
06 
07 


15 | 


16 
17 
19 


21 


29 


11 


. Jan. 


wl 8 
U0 A.M. 


CO 
00 
00 
00 
010) 


00 
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22 Nature of motion. No. Ren EE Nature of motion. 
12th, 1914. Jan. 12th, 1914. 
hm os 
1 | Quick. 341 | 6 15 30a.m.| 2 | Quick; houses shaken. 
Ie Do. 342 25 00 1 | Quick. 
Ie Do: 343 26 00 1) Do. 
ahi] 32 ato 344 27 00 DP Do: 
1 Do. 345 28 00 0 
0 346 32 00 2 Quick; houses shaken. 
0 347 34 60 1 | Quick. 
1! Quick. 348 38 00 Tale Dos 
TaN Do: 349 41 00 Theos 
0 350 45 00 0 
0 351 47 00 0 
0 352 52 00 1] * Quick. 
0 353 53 00 1 Do. 
d 1 Qtek: 354 55 00 1 Do. 
Ly) Do. 355 57 00 1 Do. 
1/| Do. 356 59 00 1 Do. 
0 357 | 7 03 00 14 De. 
1 | Quick. 358 10 00 iL D». 
tel tap 359 14 00 1 Do. 
5 [{Quiee mith rest 0-950] arp | a| » De 
0 361 23 00 1 Do. 
1 | Quick. 362 25 00 1 Do. 
1| Do. 363 32 00 1 Do. 
1) Do: 364 33 00 0 
2 | Slow; houses shaken. 365 34 00 1 | * Quick. 
1 | Quick. 366 41 00 ies Slow. 
|e tor 367 46 00 2 | Quick; houses shaken. 
LO: 368 47 00 1 | * Quick, 


* Not instrumentally registered. 


A 
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Se 


Time o 
No. e of 
Occurrence 


Inten 


| Nature of motion. 
DQ 


Jan. 12th, 1914. 


fs my os 
369 | 7 49 OVam. 


370 | 8 05 00 
371 (6 60 
372 07 00 
373 (9 00 
374 14 00 
375 16 00 
376 17 00 
377 19 00 
378 23 090 
379 25 00 
380 27 00 
381 29 00 
382 33 090 
383 35 00 
384 35 35 
385 38 00 
386 39 00 
387 41 00 
388 44 (0 
389 46 00 
390 47 00 
391 51 00 
392 54 00 
393 55 00 
394 58 00 
395 | 9 05 00 
396 07 00 


1 
1 


a 


Quick. 
Do. 


Quick. 


Quick; houses shaken. 


Quick. 


Qui -k. 


Time of 
No. 
Occurrence. 


Inten- 


& Nature of motion. 
m 


Jan. 12th, 1914. 


h om 
397 | 9 08 00a.m. 


398 | 10 CO 
399 | 10 30 
400 | 12 00 
401 | 13 00 
402| 16 CO 
403 | 170) 
404 | 20 00 
405 | 26 00 
406 | 27 30 
407 | 30 00 
498 | 32 00 
409 | 3400. 
410 | 35 00 
411] 37 00 
412] 44 00 
413 | 45 00 
414} 48 00 
415 | 51 00 
416 | 53 09 
417 | 55 00 
418 57 00 
419 |10 01 0) 
420 | 04 00 
421 | 06 00 
422 | 07 00 
423 | 14 Ov 
424| 16 30 


qQ “© 


Quick. 


Co f 


Quick. 


oO 


Quick, 


ce coma 


Quick. 


Quick. 


fk eC eo eC aes es es oe eer 


Quick. 
Do. 


ee Ce ee ee ee peel 


1 | Quick. 
1 | Do. 
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Time of 
Occurrence. 
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1 

I : 

22 Nature of motion. 
n 


h-'mors 
425 |10 18 00am. O 


426 
427 
428 
429 


11 


21 
23 
24 
32 
34 
44 
49 
53 
56 
58 
00 
02 
13 
15 
23 
27 
32 
34 
38 
42 
43 
C6 
08 
17 


57 


Jan. 12th, 1914. 


30 
CO 
CO 
CO 


1 | Quick. 
0 
i | 
0 
0 
0 
1} Quick. 
0 
0 
0 
0 | 
1 | Quick 
1 | Do. 
1_| Quick. 
ele eb ras 
0 
0 | 
0 | 
0 
0 
P.M.) 1] Quick, 
0) 
0 
0 
0° 
0 


* Not instrumentally registered, 


465 
466 
467 
468 
469 


Time of 


t 

a : 
Oeste: 25} Nature of motion, 

currence. | 5% 


Jan. 12th, 1914. 


hom os 
1 06 OUVPM.! 9 
14 60 6 
28 20 0 
218 30 0 
22 00 0 
33 00 0 
37 C0 0 | 
43 90 0 
315 00s 
40 00 0 | 
4 09 00 0 | 
28 00 0 
5 06 00 0:1 
46 00 Oo} 
6 29 00 6 
8 11 00 1 | * Quick. | 
9 13 00 1| * Do. 
Jan. 13th, 1914. 
9 36 00am. 1] * Quick, 
409 00pm.) 4 { Msc houses sha- 
1100 =| 1| * Quick. 
45 00 11) * Do: 
11 45 00 1|* Do. 
Jan. 14th, 1914. 
0 34 00am 1 |-* Quick. 


2 10 00 | 1| * Do. 
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ee ee Se ee ees 
No BR asahaay £3 Nature of motion. No. Ga fe Nature of motion. 
4 
Jan. 15th, 1914. Jan. 16th, 1914, 
h ms h om s 
477 | 142 00pM.| 2 | Quick; houses shaken. || 493 0 37 00pm) 0 
478 | 6 30 00 0 494 | 2 27 00 Pal) Quick; 
479 50 CO 0 495 | 6 04 00 0 
480 | 7 05 00 1 | Quick. 496 20 00 0 
481 44 00 0 
Jan. 17th, 1914, 
482 50 00 0 . 
483 | 9 25 00 0 497 | 250 00am) 1 | Quick, 
484 |10 59 00 0 493 | 5 38 00 Ini) Do: 
485 |11 43 00 0 499 43 00 0 
{ 

Jan, 16th, 1914. . Jan. 1§th, 1914. 
4*6 | 4 50 CO oa 0 500 | 5 31 00am! 1) x Quick. 
48747010 OOM" 0%) 501 11 33 00 1 Se DOs 
483 11 00 0 502 | 110 00pm.) OO} x 
489 | 7 18 CO «0 503 | 2 43 00 OF ix 
490 {10 09 00 1 | Quick, 504 | 3 11 00 Obie 
491 |11 57 00 0 505 | 6 57 00 2 ee ao 
492} 015 00pm) O 


x Registered by a horizontal pendulum tromometer. 


dS. Time difference between the successive earthquake oc- 
eurrences. ‘The 471 earthquakes registered at the Kagoshima 
meteorological observatory from Jan. 11th, 3.41.20 a.m. to the next 
day, 9.13.00 p.m., had the average interval of 5"18°. Of these, 
404 occurred at successive time differences less than 5 minutes, 
the maximum frequency, about 46% in amount, corresponding to 
the interval of about 2 minutes. (See Table IIL.) 


If we take the series of 2 or more earthquakes with time 
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difference under 5 minutes as composing a group, and combine 
their average time of occurrence with those of single earthquakes, 
the maximum frequency corresponds to the intervals of 10 to 13 
minutes. (See Tables IV and V.) 

Comparison with the after-shocks of great tectonic earthquakes. 
Yor the sake of comparison I give in Tables HI and V the re- 
lative frequency of the shocks corresponding to the different lengths 
of the successive interval for the cases of the after-shocks of the 
Mino-Owari, Nemro, and Akita earthquakes, as follows :— 

Mino-Owari Eqke. of Oct. 28th, 1891, at 6.37 am.: 1258 
after-shocks observed at the Gifu meteorological observatory bet- 
ween Oct. 29th and Nov. 10th, 1891. 

Nemro Eqke. of March 22nd, 1894, at 7.56 p.m. : 276 after- 
shocks observed at the Nemro mct. observatory between March 
22nd (7.56.06 p.m.) and 25th (11.44.00 p.m.) 1894. 

Riku-U Eqke. of Aug. 31st, 1896, at 5pm. : 88 after-shocks 
observed at the Akita met. observatory between Aug. 3 1st (5.51.54 
p.M.) and Sept. Ist (2.53.42 p.m.), 1896. 

The numbers of the shocks occurring at successive intervals 
less than 5 minutes were 681; 146; and 47 respectively for the 
Mino-Owari, Nemro, and Riku-U earthquakes; the maximum 
frequency at Gifu and Nemro, 31 to 49%, corresponding to the 
interval of about 2 minutes. The time interval in question must 
depend, of course, on the magnitude of the volcanic tension or 
seismic stress at the source of disturbance and the radial distance 
of the observing place from the latter. Still the quick successive 
occurrences of the voleanic earthquakes at Kagoshima and of 
the tectonic after-shocks at Gifu and Nemro, as will be seen 
from Table III and fig. 3, followed nearly similar courses, the 


frequency culminating in each case at the interval of about 2 min., 
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TABLE III. PERCENTAGE AMOUNT OF THE NUMBER OF THE EARTH- 
QUAKES OCCURRING AT DIFFERENT SUCCESSIVE INTERVALS. 


Interval. Kagoshima. | . Gifu. Nemro. Akita. 


msm s 


* 0.00—v.30 0.0% 0.499 2.1% —~ 
030—1.30 12.5 18.7 14.9 — 
1.30—2.30 47.7 30.6 49.0 =e 
2.30—3.30 17.1 24.3 19.1 = 
3.30—4,30 10.2 14.1 8.5 a 
4.30—5.30 12.5 11.9 6.4 = 


Total number of cases. 88 235 47 | 14 


0 


i, 
Wee: ona 

0 if Yi oi hi S7 Miv 
Fig. 3. Relative Frequency of the Different Values of the Time Interval 


between the Successive Earthquake Occurrences. 
K.... Kagoshima. Ge Gita: N....Nemuro. 
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The distances of the Kagoshima, Gifu, and Nemro meteorological 
observatories from the mean centers of .disturbance concerned were 
respectively about 14; 10; and 120 km. 

With respect to the interval over 5 minutes, the maximum 
frequency occurred between 8 min. and 13 min. both at Gifu and 
Nemro, being similar to the case at Kagoshima (Table V). Tak- 
ing together the earthquak:s at Kagoshima, Gifu, Nemro, and 
Akita, the frequency was greatest for the interval of 8 to 13 min., 
attaining the maximum‘at 10 and 11 min. Should a great number 
of small shocks occur simultanecusly or within the time interval 
of 4 min. or so from neighbouring po'nts, the result would be a. 
considerable earthquake. A grcat destructive shock is, however, 
not followed by such a disturbance, at least not in the same, or 
a closely lying district. Hence it is conceivable that volcanic 
earthquakes or after-shocks tend to occur most frequently at certain 
time intervals, dependent, amongst the others, on the imperfectly 
elastic condition of the upper part of the earth’s crust.* 

TABLE IV. SUCCESSIVE TIME DIFFERENCES OF THE HARTHQUAKES OR 


EARTHQUAKE GROUPS OBSERVED AT THE KAGOSHIMA METEORO- 
LOGICAL OBSERVATORY ON JAN. 11TH AND 12TH, 1914. 


(Earthquakes occurring at successive intervals under 5 minutes are treated as 
forming a single group.) 


Time of Earthquake Number Successive Time of Earthquake Number Successive 
Occurrence of é Time Occurrence of ame 
: Eqkes. Difference. ‘ Eqkes. | Difference. 
Jan. 11th Jan, 11th. 
hm h m k mm Hh, mm 
3 40% — 3 43 aM. 2 m Boy 4 45 2 A.M. if mi s 
PA Ex a 8 20 
359 —4 8t 5 4 54 1 
ey es 12 
4 151 é i | 5038 —5 7 3 
AB IER SS oye 21, 45 
4. 262 1 5 273 1 
Ee Tho 896) SO aS 


* The time intervals between the successive small eruptions of the Asama-yama haye been 
considered in the Bulletin, Vol. VIL. 
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Time of Earthquake Number | Successive | Time of Earthquake | Number | Successive 
of Time | of Time 
Occurrence, Eqkes. | Difference. | Occurrence. HKqkes. Difference. 
Jan, Lith. | Jan. 11th. 
hm h ow | hem h m 
5. 58 AVM. 1 Ties | 3 O1 P.M 1 8 
107 44 Lo 23 
7 4542 1 3 09i— 3 18 4 
14 16 20 42 
7 5) — 8 01 2 | 3 302— 3 39 4 
13 14 59 
8 13 44 | 3 46.5-— 3 521 4 
10 24 35 
8 23 i 3 58 — 4 27 3 
6 5V 27 38 
8 29 — 8 302 2 4 35 — 4 481 6 
9 10 28 38 
8 39 1 4 561— 5 27 11 
22 40 36 
815059 On i 5 43 — 5 51 4 
20 40 12 39 
9 21 ib 558 —6 13 4 
15 20 17 
9 36 1 6 142— 6 25 6 
21 26 50 
9) 84 1 6 47 1 
40 30 6 
19 302 1 6 53 1 
8 8 8 
10 453 a 7 1 1 
13 33 9 
10 58 i 7 10 a 
13 25 5 15 
11 103—12 30 2 7 151 i 
25 35 6 55 
1] 28 —I1 469, 8 7 222 1 
30 15 11 17 
0 5—O 9pm. 2 7 302— 7 36 3 
23 28 8 33 
0 271— 0 34 3 7 42 1 
17 50 5 
0 43 — 0 54 aa 7 47 1 
16 02 5 
1 4% A 7 51 — 7 53 2 
19 22 if 
119 — 1 29 £ 7 58 — 8 00 2 
24 48 14 54 
1 413— 1 54 t 8 5— 813 5 
16 35 11 20 
2 01 — 2 09 5 818 — 8 34 8 
10 40 18 46 
215 — 217 2 8 41 — 8 51 10 
7 12 48 
2 23 1 8 55 — 9 00 5 
10 37 10 18 
2 30i— 2 365 3 97—9 8 2 
11 51 4 30 
2 45,7. 1 9 12 i 
8 57 6 
2 54 — 2 546 2 9 18 it 
: 6 35 5 
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Time of Earthquake 


Occurrence, 
Jan. llth. 
Wom. /-h 
9 23 P.M. 
9 28 — 9 39 
9 44 — 9 52 
9 59: —10 07 
10 11 —10 138 
10 16 —10 39 
10 44 —10 61 
10 58 
11 03 
11 09 —11 37 
11 51 —11 53 
11 58 
Jan, 12th. 
0 03 — 0 09 am. 
014 — 018 
0 22 — 0 25 
0 22 — 0 35 
0 40 — 0 41 
0 51 — 1 00 
1 06 — 1 08 
1 20 
1 26 
1 31 
1 43 
1 51 —- 1 54 
205 — 2 (9 
2 20 
2°29 


Number 
of 
Eqkes. 


16 


[NS 


i OmMorie 


Successive | Time of Earthquake 
AS | 
iiitertucas| Occurret ce. 
| 
: Jan, 12th. 
ie An omen 42) 
m s 2 41 A.M. 
11 10 
2 49 
13 10 
De hyA: 
15 
3 04 
9 40 
By hes 2h Bie) 
14 35 | 
4 23 
21 05 | 
| 4 30 
10) 20 
4 37 
5 | 
4 42 — 4 49 
19 49 |] 
4 56 
29 11 | 
ny Oy ss ay ye 
6 s 
5 15 — 5 23 
q 24 
USO) xo sy IT 
| 5 47 — 6 153 
10 36 
| Ge25e—— oa 
Te 40s a 
| 6 52 — 7 03 
10 50 | 
uel Ope eh a 
6 
th PBR SY BS 
14 20 
if SPA Of ae 
12 10 
7 41 
Ad 
ie46.—on 49 
6 
8 05 — 8 09 
5 
8 14 — 8 58 
12 
9 05 — 9 20 
9 (20 
9-26 — 9 37 
14 30 
9 44 —10 07 
13 
"10 14 —10 24 
9 
10 32 —10 34 
12 


Number | Successive 
of Time 
Eqkcs. Difference. 
dE m 8 

8 
1 
5 
1 
10 
1 
31 
1 
q 
1 
vi 
1 
8 
4 
11 
1 
10 
S3 » 
12 50: 
6 
15 01 
i 
26 34 
11 
3o0DS 
10 
Pa alee 
6 
17910 
3 
lv 20: 
2 
9 
3 
8 
1 
6 20: 
3 
19 25 
4 
28 46 
21 
36 20 
10 
19°48 
G 
23 54 
18t 
24 
6 
13030 
2 
11 


Time of Farthquake 


Occurrence. 

Jan. 12th. 

he Tee beer 
10 44 A.M. 
10 49 —11 02 
11 13 —11 15 
11 23 —11 27 
11 32 —11 43 

0 06 — O 08 p.m. 
017 — 0 20 

0 34 

0 57 

1 06 

114 

1 28 

218 — 2 22 
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Number Successive Time of Earthquake Number Successive 
of Time of Time 
Bykes. | Difference. | Occurrence. Eqkes Difference. 
| Jan. 12th. 
h mm h ™m 
1 in s PLES) = PREY Cree 2 Sao 
12 20 8 
6 2 43 a 
17 4) 32 
2 8.15 1 
1L 25 
2 3 40 1 
12 48 29 
By 4 09 1 
29 12 19 
2 4 28 1 
11 30 38 
2 5 06 1 
16 30 40 
1 5 46 1 
23 43 
1 6 29 1 
9 102 
1 8 11 i} 
8 62 
1 9 13 1 = 
14 23 
1 9 36 1 
52 
2 
15 


TABLE V. INTERVALS BETWEEN THE SUCCESSIVE TIMES OF 
EARTHQUAKE OCCURRENCE. 


Number of Earthquakes at 


Time 
Interval. i 
Kagoshima. 
5m 11 
6 7 
10 10 
11 14 
12 8 
13 12 


Gitu. 


28 
24 
21 
36 
44 
40 


Sum. 
Nemro. Akita. 

1 43 

5 45 

5 38 

12 al 3 58 
5 6 62 
9) E 60 
9 4 71 
4 49 
10 60 
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> Number of Earthquakes at 
Time Sun 
Interval. |] _ : 
Kagoshima. Gifu. Nemro. Akita. 
14m 4 23 4 0 31 
15 10 24 5 2 41 
16 1 Py 6 2 31 
ay, 3 30. 3 3 39 
18 2 25 4 0 31 
is) 6 19 6 0 ol 
20 3 19 1 2 25 
21 4 16 4 Qt 
22 3 16 5 24 
23 4 11 2 19 
24 2 11 3 1 17 
25 3 12 2 17 
26 1 12 2 15 
27 2 6 2 1 11 
28 1 12 2 16 
29 5 11 3 19 
30 2 7 0 9 
31 0 7 uf 1 15 
32 1 3 9 
33 0 11 0 12 
34 1 2 12 
35 0 3 2 al 6 
36 2 6 » 10 
37 0 5 0 1 6 
38 1 8 0 1 11 
39 0 i) 1 10 
40 1 6 2 9 
41 1 5 2 8 
42 5 2 7 
RSMNMIRAC NA Witinkt A WAN Rae a ae A e's Sod eee ath Cae Od be So eS 


Time 
Interval. 
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Number of Earthquakes at 


Kagoshima. Gifu. Nemro. 

1 1 
4 1 
4 1 
3 5 
3 
5 
6 
5 1 
1 

i 3 
f 2 
1 1 
2 
7 
5 
5 1 
1 
1 
4 

A 2 2 
2 i 
1 1 
2 
0 1 
ab 
it 
0 


Akita. 


Sum. 


ao cd 1 ~ © 
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CHAPTER II. SAKURA-JIMA EARTHQUAKES OBSERVED 
IN NAGASAKI, OSAKA, AND TOKYO. 


6. Sakura-jima voleanic earthquakes observed in Nagasaki 
and Osaka. Tables V and VI give the lists of the volcanic 
earthquakes attending the Sakura-jima eruption of Jan. 1914, 
observed instrumentally at the meteorological observatories of 
Nagasaki and Osaka, whose position were as follows :— 


Distance and Direction 
Latitude. Longitude. from the centre of 
Sakura-jima. 


Nagasaki, ... .32°44'03"" N. = 129° 52'31" E. 148 km., N. 30° W. 
Osaka, of... 504-39" NN. 139° 26’ E. 560 km., N.51° E. 


The principal registering instruments at the two places were Omori 
horizontal pendulum tromometers with E.W. and N.S. components ; 
the pointer magnifications at Nagasaki being 20 and 120, and 
those at Osaka also 20 and 120. At Nagasaki, 44 of the volcanic 
earthqaakes were observed in the course of the 12 days between 
the 9th and the 20th of January (1914), only the earthquake at 
65 pM. on the 12th being there sensible and rather moderate in 
intensity. At Osaka, the number of the shocks recorded, which | 
were all unfelt, was 13, the last occurring at 4 p.m. on the 13th. 

As will be seen from Table VIII, the frequent occurrence 
of the earthquakes in Nagasaki came to an end at 9 a.m. on the 
12th. This means that the frequency of the volcanic fore-shocks 
of the stronger class was much reduced at or immediately prior 
to the opening of the eruption. This inference, also to be drawn 
from the list of the earthquakes observed in Osaka, is in accord- 
ance with the seismographic observations at Kagoshima (§ 2). 

The 6-hourly seismic number in Kagoshima, Nagasaki, and 
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TABLE VI. HOURLY NUMBER OF THE SAKURA-JIMA EARTHQUAKES 
INSTRUMENTALLY REGISTERED AT THE NAGASAKI 
METEOROLOGICAL OBSERVATORY. JAN. 1914. 


Day. 


Hour. 


9 10 


11 118! 14 15 
il 
2 
2 
al 
] 
2 i 
1 
ih il 
2 
1 
1 “1 
5 
2 
2 
9 
i 
22 4 0 4 


16 


17 18 19 20 
uh 

1 

0 L 0 1 
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Osaka, is given in Table VII. The course of the frequency varla- 
tion in Nagasaki is much similar to that of the weak and strong 
shocks in Kagoshima. (See fig. 4.) | 

The violent shock at 64 P.m., on the 12th, is to be regarded, 
not as a-fore-shock, but as a great seismic disturbance probably 
caused by a stress relieving due to the Sakura-jima eruption at 
the completion of the explosive stage. 

7. Tromometer observation in Tokyo. Several of the pre- 
cursory earthquakes were recorded by the tromometers in Tokyo, 
the diagrams being, however, unfortunately confused by the pulsa- 
tory oscillations. Thus, for instance, the small disturbance at 
10P 03 Sis 32. 52 P.M... 0.548, 44 pw: 3.00335 pam and 
3. 59. 32 p.m. correspond respectively to the commencements of the 
principal portion of the strong or moderate Sakura-jima earthquakes, 
whose times of occurrence at the Kagoshima meteorological obser- 
vatory were 9.57.45 a.m; 0.27.11 p.m.; 0.48. 00 p.m; 2. 54. 50 PM.; 
and 8.52.10 pm. It is likely that, had the ground in Tokyo 
been entirely free from the pulsatory oscillations, most of the 
strong and moderate shocks about 40 in number, would have been 
clearly registered at the Seismological Institute (Tokyo), whose 


distance from the centre of the Sakura-jima is 958.6 km. 


TABLE VIL 6-HOURLY NUMBER OF THE SAKURA-JIMA EARTHQUAKES 
INSTRUMENTALLY REGISTERED IN NAGASAKI, OSAKA, 
AND KAGOSHIMA. i 


Kagoshima. 
Date. | e 
Fe ack Nagasaki. Osaka. 
Jan. | ; ’ 
Unielt. 4) Slight. oiyaaeenn | 
! 4 1 9 7 3 
a 1 2 16 11 2 
11th, | 4 2 58 22 7 
| 13 4 44 71 17 
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Kagoshima. 
Date. Nagasaki. Osaka. 
$ Weak, St 
| ‘ eak, Strong, 
| Unfelt. Slight. BaP vistent 
3 0 36 61 5 
3 3 53 58 5 
12th. 0 0 19 1 0 
| 1 2 0 1 1 
} 2 1 
‘ 0 0 
13th. 9 0 
| 0 0 
| 0 
0 
14th. | 0 
| 0 
| 0 
0 
15th. | 3 
a! 
2 
: 2 
16th. 0 
@) 


£0 


i 


L 


‘Z 


eh 


7z 


NAN 
73 14 


Fig. 4. 6-hourly Frequency Variation of the Sakura-jima Earthquakes tromometrically 
registered in Nagasaki (N) compared with that of the Sensible Shocks in 


Kagoshima (K). Jan., 11th to 14th, 


1914. 
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TABLE VIII. LIST OF THE SAKURA-JIMA EARTHQUAKES OBSERVED AT 
THE NAGASAKI METEOROLOGICALOBSER. VATORY, ON 
JAN. STH-—20TH, 1914. 


Date and Time Duration Total. 
of Eqke. Comm't. Compt. | of Prel. Duration 
in Nagasaki. Tremor. 
Jan. 9th. 
ee m 
414 17pm.) EW. 2 28 
Jan. 10th. 
213 48 pM, 4 1 02 
7 04 23 ” 
Jan, 11th. 
0 09 31a4.m. | » 2 42 
4 62 48 » 1 
4 27 29 ‘ 412 
5 59.12 NS. 5 02 
ib, eee ny. 17 | 400 
57 44 N.S. 


oe Wied Ste ies es Wa SPU dorian iS.) oie Gh Weta “ii lo: 
bo 
Or 
> 
© 


o [o 2) C 
> no awe 
So oo aes 
S ise) oO 
oO [e/a] =) 


Date and Time | 


of Eqke. Comm’t.| Compt. 
in Nagasaki. 


Jan. 11th. 


hm s 

9 08 14P.M. 
10 25 36 

10 56 26 

11 30 47 
Jan. 12th. 
0 40 21 a.m. 
1 32 10 

5 49 44 

°6 (3 00 

8 27 31 

8 39 35 


6 28 37 p.mM.+ 


Jan. 13th. 
1 02 38am. 
4 09 38 p.m. 


9999 


4 46 20 


o3 ” ” 


Jan. 15th. 


0 56 16 p.m. 


1 44 42 
2 04 04 
6 09 21 


NS. 


| Duration 
of Frel, Ro, 
Tremor. 
s m 8 
* ag Wig '76 
51 
4 40 
4 50 
15s 
413 


* Max. 2¢=0.052mm., 7=9.0sec., Time of Occurrence =5.59 15 A.M. 
= 6.28.44 p.m. 


{ Max. 2a= 


9.04 


Seah (PSU 


3s 
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Date and Tine Duration Total Date and Time Duration Total 
of Eqke. Comm’t., Compt. | of Prel. Dication of Eqke. Comm’'t.. Compt. | of Prel. Duration 
in Nagasaki. Tremor. in Nagasaki. Tremor. 
Jan, 16th. Jan. 18th. 
hom. 8 mes hie mae m s 
5 13 32am. | EW. 2 10 657 13pm.) EW. 1 53 
5 56511 50, Jan. 20th. 
7 02 05 fr, 9 06 14 P.M. s 7 OT 
8.03 32 os beer N.S. 6 39 
on a a ered a acd ae 


TABLE IX. LIST OF THE SAKURA-JIMA EARTHQUAKES OBSERVED 


AT THE OSAKA METEOROLOGICAL OBSERVATORY, ON 


JAN. 11TH—13TH, 1914. 


Date and Time of | Duration of Total 


ee eT] Dazatn. 
Jan. 11th. 
h m Ss re 8 m s 
4 O£ 49 4m. 1 13 13 04 
6 00 57 iN ape 15 00 
10 04 21 Lae 18 50 
0 49 46 P.M. 2 12 30 
3 02 23 V1 10 15 
6 30 29 il Bee 105520 
8 30 31 -1 13 10 «65 
OU Loae £9) 1 14 8 35 
10 30 51 1 12 9 25 
Jan. 12th. 
6 10 28am. Bete 10 30 
8 3L 05 ies: AU a BS 
6 29 28pm. 1 10 he * 
Jan, 13.h. 
4 11 55pm, 6 9 


Maximum Motion. 


Time of Occurrence. 2a 

Hee nies mm 
4 06 294m. 0.02£ 
6 04 52 0.054 
10 08 21 0.072 
0 53 39 p.m. 0.044 
3 05 51 0.040 
6 33 12 0.034 
8 3t 02 0.040 
9 18 51 0.060 
10 5t 31 0.032 
6 13 304m. 0.054 
8 37 40 0.044 
6 33 24pm. {7.494 
{6 33 59 (8.394 
4 14 45pm. 0.014 


4.1 


* 


This refers to the E.W. component, a!l the others rela‘ing to the N.S. component. 
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CHAPTER III. NOTES ON THE DIAGRAMS OF THE EHARTH- 
QUAKES OBSERVED ON JAN. 11TH AND 12TH AT THES 
KAGOSHIMA METEOROLOGICAL OBSERVATORY. 


8. Typical seismograms. 


In §§ 9 to 24 are given the 


elements of motion in the more prominent 24 among the numerous 


shocks observed at the Kagoshima meteorological observatory on 


Jan. 11th and 12th, 1914, prior to the commencement of the out- 


burst of the Sakura-jima, as follows :— 


FEiqke. No. 178, Jan. 11th, 


ae | , 220, 
| 5 405, 

f 5 10, 

> 11, 

2» 25, 

3 49, 

5 118, 

> 125, 

33 143, 

a 149, 

as 152, 

5 159, 

Ce x 159’, 
# 103% 

5 176, 

9 ie 

a 199. 

‘5 ‘222, 

Ms 307, 


12th, 
ieahy 


39 


12th, 


3? 


10.13 
11.14 
ALN WMA 


4.23 A.M. 3 


9.18 P.M. ; 
11.09 P.M. ; 


9.26 A.M. ; 


4.4524 M. 
4.54 aM. 
8.56 AM. 
0.43 P.M. 
5.43 P.M. 
6.014 P.M. 
7.51 P.M. 
8.114P.M. 
8.18 P.M. 
8.34 P.M. 
8.37 
8.38 
9.08 
9.12 


P.M. 
P.M. 


P.M. 


P.M. 
P.M. 


P.M. 


> 


b 


2 


> 


Intensity. 


Unfelt, 
Slight, 
Untfelt. 
Unfelt. 
Unfelt. 
Slight, 
Strong, 
Unielt, ° 
Slight, 
Modera*e. 
Untelt. 
Unfelt. 
Moderate. 
Unfelt, 
Slight, 
Moderate, 
Slight, 
Untfelt, 
Slight, 
Unfelt, 
Unfelt. 


Character, 


sharp. 


sharp. 


quick. 
quick. 
slow. 


slow. 


slow. 
slow. 
sharp. 
slow. 
slow. 
quick. 


slow. 
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Intensity, Character. 
Kiqke. No. 314, Jan. 12th, 4.49 «a..; Slight. 
“e 322, ,, “y 5.19 A.M. ; Unfelt. 
uf 304,"".. 5.54 A.M. ; Slight, quick. 


The direction in the early part of the preliminary tremor, at the 
commencement of the diagram, has been ascertained in the three 
eqkes. of the (A) group. The duration of the preliminary tremor 
is given only for those cases in which an earthquake occurred 
while the recording drum of the seismograph, started by a pre- 
vious shock, was still moving. 

The earthquake motion is, as usual, divided into the pre- 
liminary tremor, the principal portion, and the tail or end portion. 
The range of motion, or double amplitude, is denoted by 2a, and 
the complete vibration period by 7. 

_ 9. Hake. No.178. The prel. tremor motion at the begin- 


ning of the diagram was 
0.010 mm.,—S. 37° E.; 0.11 mm. upwards. 


The prince. portion was composed of quick vibrations :— 


mim mm 
Ist Displacement 0.44,-S. 66° E.; 0.14 upwards. 
2nd ,, ,,...... 0.55, >N. 28° W.; 0.18 downwards. 


10. Eqke. No. 220. The prel. tremor displacement at the 


commencement of the diagram was 
0.29 mm.,—S. 40° W. ; 0.28 mm. upwards. 


The prine. portion was active for 4.0 sec,, the quick and the slow 
vibrations at the commencement of the diagram being as 


follows :— 


mm mm 


Quick Ist Displt., -......1.14,-S. 36° W. ; 0.28 upwards. 
Teh Din oe ee 1.01,—N. 6° E.; 0.28 downwards. 


386 F. Omori oe 


mm 
Ist Displt.,........1.60,>S. 55° W. 
Slow Onde eters Soe 2.20,>N. 18° E. 
ae OEE ELS FC a 1.36,—S. 20° W. 
Mth) 4) pe oe 4.48, N, 42" E. 


11. Eqke. No. 405. The prel. tremor displt. at commence- 


ment of the diagram was 
0.60 mm.,—=N. 51° E.; 0.19 mm. downwards. 


Slow vibration at the commencement of the prince. portion :— 


mm mm 
{ist Apigplicge eek: 1.16,—S. 25° W.; 0.028 downwards. 
(indepen ote: Bess 1.22, >N. 14° E. ; 0.44 upwards. 


12. Eqke. No. 25. Max. vibration occurred at the commence- 


ment of the prince. portion :— 


1st Displi. .e.. . 0.52, oN. 23°W. ; 0.14. upwardeser ae 
Pathe a |e ee Se 0.76,—S. 37° E. 

13. Eqke. No. 10. Displt. at the commencement of the prince. — 
portion: 0.41 mm.—N. 36° E.; 0.18 mm. upwards. Max. motion 
occurred 0.5 sec. later on: 0.42 mm. (N.S.), 0.38 mm. (E.W.), 0.2 
mm. (vert.). ) 

14. Eqke. No. 11. Total duration=60 sec. The prel. tremor 
lasted 2.15 sec. in each component and was composed of quick 


movements of 7’=0.11 sec. (N.S.). The prince. portion :— — 


mm. Sec. sec. 
(Nai. .areuny ener Max. 2a=—0.64, T=0.125. 
(RW cera cee ene Oe. 1 =OLLD: 
(Verba) tee spice on O22 Pa20A15, (7=0.19. 


There were also slower vibrations in the three components. 
15. Eqke. No.49. This was a strong shock whose _prel. 


tremor lasted about 2 sec. The max. (slow) vibration occurred at 
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the commencement of the prince. portion: 1st displt., 1.6 mm.—S., 
0.4 mm. upwards, corresponding to the two successive movements 
of 0.8 mm.+W. and 0.8 mm.>E.; 2nd displt., 4.4 mm. >N.; 0.97 
mm. downwards, corresponding to the two movements of 1.64 mm. 
ae Wie een lee tate Bs, 

16. Eqke. No. 159. Prine. portion: 1st displt.=0.49 mm.—> 
S. 38° W.; 2nd displt,=0.70 mm.—N. 29° E. 

Iv, Eqke. No. 176. Princ. portion: 1st displt.=0.27 mm.—> 
©. 42° W.; 2nd displt.=0.47 mm.—N. 27° E. 

18. Eqke. No.177. In the N.S. component, the prel. tremor 
lasted 1.65 sec.; the motion being slightly larger for the next 1.1 
sec., with 7'=0.088 sec. In the E.W. compt., the prel. tremor 
lasted 2.0 sec. In the vert. compt., the motion was comparatively 
large from commencement. [Prine. portion.] Z'=0.10 sec., 2a— 
0.2 mm. (N.S.).. 7=0.10 sec., 2a=0.12 mm. T7=0.64 ee es 
0.2 mm. (E.W.). 

19. Eqke. No.199. The prel. tremor lasted 2.25 sec., (N.S.). 
[Prine. portion.] Ist quick displt. =0.24 mm.—S. 25° E. 

sec. see. mm. sec, mm. 
(N.S.) « T=0.10;~ T=0.24, 2a=0.24; T=0.54, 2a=0.16. 
(EW. T=0.10; 1=0.95, 22-02: T=0.73, 2a=0.2. 
( Vert.) T=-0.24, 2a=0.18. 

20. Eqke. No. 308. [Prel. tremor.] Daration=2.05 sec. (N.S.), 
1.8 sec. (E.W.), 2.15 sec. (vert.). In the N.S. compt., 7'=0.086 
sec. [Prine. portion.] 7'=0.09 sec., 2a—0.48 mm. OND S.)s.8 2a 
0.32 mm.(E.W.). The quick vibrations predominated for 3.9 see. 

a1. Egke. No. 314. The displt. at the commencement of the 
diagram, which was very small, was upwards and directed toward 
the N.E? [Prine. portion.] The 1st eastward motion of 0.62 mm. 


corresponded to the two successive displacements of 0.24 mm.—S. 
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and of 0.24 mm.>N. The 2nd westward motion of 0.82 mm. cor- 
responded to the 0.7 mm. southward motion: the resultant being 1.1 
mm.—S. 50°W. In the later part, the motion was as follows :— 


sec, sec. mm. sec, 


mm. 
CNS el 05,5) 2a = 0.9 2-7 0067. 
(E.W.) 1=0.89, 2a=0.9; T=0.61, 2a=04; T=0.73. 
(Vert.) 2=0,48, 20=—0.16; T=0.74. 
The quick vibrations were prominent for about 5 sec. This eqke. 
continued for 62 sec., when the next shock took place. 
22. Eqke. No. 322. Duration of the prel. tremor=1.9 sce. 
(N.S.), 1.9 sec. (vert.). The prince. portion lasted 3.0 see.: T=0.10 
sec., 2a=0.1 mm. (N.S.); 7=0.10 sec., 2a=0.04 mm. (vert.). 


TABLE X. ELEMENTS OF MOTION IN BQKES. NOS. 118; 143; 149; 
152; 222; AND 307. 


ee 


N.S. Compt. | E.W. Compt. Vert. Compt. 
No. | 
Max: 2a: |. | Max. 2a. fe Max. 2a. T 
sec. | 
0.52 | sec. 
mm. | mm. sec. mm. 0.55 
118 i; OUETay 0.60 0.53 0.45 
0.11 
0,22 
143 0.64 — 0.56 0.50 0.29 — 
0.70 0.55 0.44 Pak 0.40 0,35 
149 : 
0.40 0.82 1.00 0.85 0.13 1.05 
0.30 0,095- 
0.90 0.45 1.08 0.59 
152 | 0.31 0.42 
0.46 0.095 0.22 0.095 
0.25 0.24 
222 0.14 0.10 0.10 — 0.05 0.16 
0.60 0.42 f 0.80 0.64 
307 | 0,25 0.19 
0.94 0 86 — 0.96 
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28. Eqke. No. 334. The prel. tremor motion at the commence- 
ment of the diagram was 0.14 mm.—W., 0.1 mm.—=N, (2), 0.28 mim, 
upwards.. The 2nd (max.) displt. at the commencement of the 
prince. portion was 2.5 mm.—S., corresponding to the two successive 
movements of 0.68 mm.—E., and 0.74 mm.>W. 

24. The max. 2a and the average period in the prine. portion 
of the eqkes. Nos. 118; 143; 149; 152; 222; and 307, are given 
in Table X, while the durations of the prel. tremor in the different 
earthquakes are collected in Table XII. 

25. Period of vibration. The average periods of vibration 
existing in the principal portion of the different earthquakes, col- 
lected in Table XI, may be classified more or less definitely into 
4 kinds, whose mean values are respectively 

sec, : sec. i sec, sec, 
p.=0.104; p.=0.22; p,;=0,52; and p,=0.85. 
These 4 periods found in the horizontal and the vertical com- 
ponents, are approximately in the ratios of 1:2:4:8, with the 
mean unit length of about 0.11 see. The vibrations of the p, and 
Pp; periods occurred most frequently, the 2a (single component) 
corresponding to p, having the maximum value of 1.9 mm. The 
p, class vibrations also occurred in the preliminary tremor. 

The periods here considered are to be regarded as characteriz- 
ing small earthquake movements on the hilly parts in and about 
the city of Kagoshima. The large destructive seismic motion as 
that of the earthquake at 64 p.m., on Jan. 12th, has probably a 
period equal to or larger than p,. 

26. Duration of preliminary tremor. The mean duration of 
the preliminary tremor in the different fore-shocks was 1.9 sec. 
(Table XII), corresponding to the central distanco of 14.1 km. 
This duration is practically identical with that found from the 
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TABLE XI. SAKURA-JIMA FORE.SHOCKS OBSERVED AT THE KAGOSHIMA 
PERIOD OF VIBRATION. 


METEOROLOGICAL OBSERVATORY: 


N.S. Component. 


Prel, Tremor, 


Prine. Portion. 


sec. 
0.22 
0.24 


0.28 


max. 2a 
= 0.24 mm. 


sec, 
0.125 

0.11 

0.10 

0.10 

0.10 

0.10 { 
0.095 

0.09 


0.103 


ay 


Qt 


0 86 
0.82 


0.84 
max. 24 
=0,94 mm. 


0.67 
0.55 
0.54 
0.52 
0,50 
0.45 
0.42 


0.52 
max. 2a 
Sale ach ae 


| 


E.W. Component. 


Prine. 


sec. 
0.115 
0,095 
0.10 
0.10 


0.103 


max. 20 


Portion, 


sec, 
0.115 
0.11 
0.10 
0.095 


gec. 
0.25 


| max. 2a 


0.74 


0,105 


Vert. Component. 


Prine. Portion. 


Sec. 
0.24 
0 24 
0.19 
0.16 
0.19 


0.20 


= 0.32 mm. 


=0.32 mm. eas 24 


1.05 


Mean Values. 


Component. | Prel. Tremor. Principal Portion. 
sec, sec, sec, > sec, sec. 
N.S. 0.0U5 0.103 0,23 0.52 0.84 
H.W. — 0.1038 0.25* 0.55 0.83 
ee 1.05* 
Vertical. = 0.105 0.20 0.45 107 Oe 
Mean. 0.095 0.404 0.22 0.52 0.85 


* The mean values of the most frequently occurring periods are given in thick figures. 
Asterises indicate cases of single occurrence, 
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tromometer observations in Kagoshima of the volcanic earthquakes 


which happened subsequent to the commencenient of the eruption. 
(See Chapter IV.) 


TABLE XII. DURATION OF PRELIMINARY TREMOR OF THE FORE- 
SHOCKS OBSERVED AT THE KAGOSHIMA METEOROLOGICAL 


OBSERVATORY. 
Duration of Preliminary Tremor in 
Eqke. No. 
N.S. Compt. E.W. Compt. Vert. Compt. 

sec. sec. sec. 
159/ Li? 17? deiee 
, #159" Lae 152 Lip? 
125 . 21 21 2.4 
143 i, 1.8 1.8 
152 1.8 1.8 2.4 
222 17 1.6 1.9 
' 307 : 1.8 1:7 15 
308 2.05 1.8 2.15 
928 | 19 = 19. 


27. Direction of motion. An ordinary Gray-Milne type seis- 


mograph proves very useful, amongst the others, in the investiga- 
tion of the direction of motion of individual vibrations in the 
preliminary tremor of a strong earthquake.* In the case of a small 
shock, however, it fails to give satisfactory result in this connection, 
as the magnification ratios of the pointers are small and as the 


recording drum is started by the electric contact-maker necessarily 


*See the Bulletin, Vol. VII, No. 3. 


392 F. Omori :— 


some time interval after the commencement, thereby the preliminary 
tremor being lost in the record partially or entirely. Thus, in 
the present instance, I was able to ascertain from the seismograms 
obtained at the Kagoshima meteorological observatory the direc- 
tion of the preliminary tremor motion at the start of the machine 
only in the following three cases :— 


Motion at Commt. Motion at Commt. of Princ. Portion. 


Eqke. of the Diagram. (Ist Displt.) (2nd Displt.) 
mm. 
0.6—N. 51°F. mm. 7a. 
No. 405. 1.16—S. 25°W. 1.22-+N. 14°R. 
Downwards. ; : 
(Slow motion) (Slow motion) 
0.1—S. 37°R. 
No. 178. a 0.448. 66°R. 0.55->N. 28°W. 
pwards. : ; é 
(Quick motion.) (Quick motion.) 
0.29—S. 40°W. 1.148. 36°W. 1.01—N. 6°E. 
No. 220. ova (Quick motion.) (Quick motion.) 
Ui oa 1.58—S. 55°W. 2.2-sN. 187: 
(Slow motion.) (Slow motion.) 


The origins of the two disturbances Nos. 405 and 220 were thus 
situated to the N.E. of the Kagoshima met. observatory, at the 
distance of some 14 km., namely, under the sea off the Osaki-hana 
promontory. The origin of the eqke. No. 178 was probably 
inland, to the N.N.W. of Kagoshima. 

As will be seen from fig. 5, the directions of the lst and 2nd 
displacements of the vibration occurring at the commencement of 
the principal portion were, in each case, more or less near to that 
about the commencement of the preliminary tremor. This relation 
was found also to be true of the volcanic earthquakes tromometrically 
observed in Kagoshima subsequent to the opening of the eruption. 
The direction of the initial vibrations of the principal portion 
may, therefore, be taken as a rough substitute for those of the 
preliminary tremor, in the indication of the position of the origin 


of disturbance. 
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Taking together the directions relating to the preliminary 
tremor and the commencement of the principal portion in the 
different earthquakes, the mean values are found to be, ie 
S. 33°W.—-N. 33°E.; (ii), S. 36°R—N. 36°W. (See Table XIII and 
fig. 6.) The majority of the cases belonged to the (1) class and 
seems to point to the location of the principal submarine origin of 
the seismic activity to the north of Sakura-jima. (See Chapter 
IV.) The (ii) class shocks probably originated mostly under the 
sea to the south of the same “ island.” 

28. Amplitude of motion at commencement of principal 
portion. The 2nd displacement of the vibration occurring at the 
commencement of the principal portion was greater than the Ist 
displacement in the average ratio of 1.63:1. (See Table XIV.) In 
the earthquakes of the (i) class the 1st displacement was directed 
almost always toward the 8.W., and the 2nd displacement towards 
Bie? N4=E.cor NE, . 

29. Destructive shock of Jan. 12th, (1914), at 6.29 P.M. This 
was a large earthquake of non-local character, felt most strongly 
in the low sea-coast districts of Kagoshima. In the city, 39 build- 
ings were totally destroyed, 130 half-demolished, and 977 partially 
damaged ; the casualty consisting of 96 persons wounded, and 13 
killed. In the provincial parts, there were altogether 16 dead, 
besides 2 killed by the eruption and 27 missing, in the island of 
Sakura-jima. 

From the record furnished by the ordinary Gray-Milne seismo- 
graph at the Kagoshima meteorological observatory (fig. 7), it will 
be seen that the very first displacement was directed toward the 
N.W., accompanied by an upward motion. Hence the earthquake 
origin must have been situated to the S.E. of the observatory. 


Taking into consideration also the direction of motion in different 
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Fie. 5. Yarthquakes Nos. 178; 220; and 405. 


Fig. 6. Different Earthquakes taken together. 


ER oa nanan _.. Direction of the preliminary tremor motion at the commencement of the seismogram. 
A, and A,.... Respectively the directions of the Ist and 2nd. displacements at the commencement of the principal portion. 
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Ordinary Seismograph Observation of the Sakura-jima Fore-shocks at the Kagoshima Meteorological 
Observatory: Direction of the Preliminary Tremor Motion compared with the Directions of the Ist 
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and 2nd Displaceménts at the Commencement of the Principal Portion. 
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TABLE XIII. SAKURA-JIMA PORE-SHOCKS OBSERVED AT THE KAGO- 
SHIMA METEOROLOGICAL OBSERVATORY: DIRECTION OF THE 
PRELIMINARY TREMOR MOTION AND THE VIBRATIONS AT THE 


COMMENCEMENT OF THE PRINCIPAL PORTION. 


5. 


_————— SS SE 


(i) 
. 36° W. N. 6°5, 
. 5° W. N. 18° E. 
. 20° W. N. 42°, 
. 40° W. N. 14°R, 
25° W. N. 51° E. 
42° W, N. 27° E: 
. 38° W: N. 29° E. 
50° W. N. 36°E. 


(ii ) 
S, 25° B, 
. 66° E, 
S. 37°, 
S. 37°, 


op 


_N. 28° W. 


N. 23° W. 


S. 36E.-N. 36°w. 


a 


S. 33°W.=N. 33°E, 


TABLE XIV. KAGOSHIMA OBSERVATION OF SAKURA-JIMA FORE- 


SHOCKS: 


Ist Displacement=p, 


2nd Displacement =p, 


COMPARISON OF 1ST AND 2ND DISPLACEMENTS 
OF THE VIBRATION AT THE COMMENCEMENT OF 
THE PRINCIPAL PORTION. 


Ratio:; p/p, 


(ii) 


* 


49% 


220 


mm. mm. : 
U.18—W. U.42->N. 36°E. 231 
Lé 59 ou SN 2.75 
0.498. 35°W. 0.7 —N, 29°R, 1.44 
ae sew. (oa) |. 1.01—>N. 6° E. Coa 0.89 
L588. B5°W.(rotos) 2.20->N. 18° E. eae 1.39 
0.62. 11> S.50 W. 1.78 
{Avsee 248—N, 1.77 
116—>S, 25°w, 1.22—>N, 14°, 1.05 
0.52—=N. 23°;w, 0.768. 37°. 1.46 
0.278. aw. 0.59—>N. 27°E. 1.83 
0.448 66°E. 0.55—>N. 28°. 1.24 
0.215. 25°R, ss oe 
Mean 1.63 


so eee ecw se roe er se eeeerere 


Only the N.S. component movements taken into comparison, the corresponding H.W. 
compt. motion being composed of half-period small movements. 
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parts of the city of Kagoshima and the position of the strong 
motion area, the centre of disturbance was probably located at the 
distance of some 5 km. to the S.K. of the observatory, in the 
Kagoshima strait and between the former Karasu-jima island and 


the coast of Kagoshima. 


CHAPTER IV. TROMOMETER OBSERVATIONS IN KAGO- 

SHIMA OF THE SAKURA-JIMA AFTER-SHOCKS, OR 

THE VOLCANIC EARTHQUAKES NOT DIRECTLY 
ACCOMPANIED BY EXPLOSIONS. 

30. Tromometer observations. <A 200-times magnification 
Omori horizontal tromometer of portable form, which the present 
author took with him at his first visit to Sakura-jima immediately 
after the commencement of the eruption in January (1914), was 
temporarily set up on the solid stone foundation in a room of the 
Weight and Measure Department, in the compound of the Kagoshima 
prefectural office, and the observation was started, under the care 
of my assistant, Mr. H. Krosaka, on the 16th of the same month 
and continued till Feb. 8th, when the instrument was removed to 
the village of Frusato in Sakura-jima. The two horizontal pointers 
of the tromometer were so oriented as to record the movements 
respectively radial and transverse with regards to the centre of 
Sakura-jima, namely, parallel to the directions of E. 8°S.-W. 8°N. 
and N. 8°E.-S. 8°W. These two sets of motion will be styled in 
the following pages as the E’.-W’. and N’.-S’. components. The 
natural oscillation period of each of the horizontal pendulums was 
4.5 sec. 

The list of the daily numbers of the small and large after- 
eruptions* and of the voleanic earthquakes recorded continuously 


* See the Bulletin, Vol. VIII, No. 1. 


The Sakura-jima Eruptions and Earthquakes, V. 397 


in Kagoshima has already been given in the Bulletin, Vol. VIII, 
No. 1. As illustrated in fig. 8, the course of the frequency varia- 
tion of the large after-eruptions tended to be opposite to those of 
the small after-eruptions and the non-eruptive volcanic earthquakes. 

The voleanic earthquakes not accompanied by explosions or by 
non-explosive outbursts were composed entirely of quick vibrations 
and were markedly different in nature from the slow shakings of 
the ground caused by the explosions. 

31. Notes on the seismograms. In §§ 32 to 40 are given the 
results of the examination of the original tremor-recorder diagrams 
(magnification=200) of the following 9 well-recorded Sakura-jima 


earthquakes of volcanic. nature :— 


Jan. 23rd, 1914; 8.51.55 a.m. 
eather. 0.29.40 A.M. 
Ceeoentieee st  113.1'C PM: 
zou 0.20.41 (A.M. 
eee es 6,40.38.-A.M. 

Popeater. ¢.20.Lo ALM. 
eet Gee met (O. 54.01: Poa; 

Jan. 29th, ,, ; 6.43.58 a.m. 
metab 3 LO. 1.41PM. 


Each of the first three earthquakes indicated some preliminary 
tremor, the direction of whose first displacement has been ascertain- 
ed. On the contrary, the remaining 6 earthquakes began with 
principal vibrations at once and indicated no preliminary tremor, 
which either did not actually exist or was else obliterated by the 
slight motion more or less present at those days of the eruptive 
activity. 

2. Egke. of Jan. 23rd, 1914, at 8.51.55 4.M. (See fig. 9.) This 


was a sensible shock composed almost entirely of quick vibrations. 


Fig. 8. Daily Frequency Variation of the Sakura-jima After-Eruptions and After- (A) Larger After-eruptions, 
(B) Smaller y 


shocks tromometrically observed in Kagoshima. Jan. 17th—Feb. 7th, 1914. (C) Non-eruptive Vole, Eqkes. 


Omori :—— 


EF. 


UPTION 
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Total duration=40 sec. [Prel. tremor.] Duration=1.5 sec. Max. 
2a=0.027 mm. (N’. 8’.), 0.024 mm. (H’. W’.). 


Ist Displacément.,........ 0.0095 mm.,—S. 43°R. 


[Prine. portion.] Duration=4.1 sec. The maximum vibration occurr- | 


ed at the commencement :— 


Ist Displt.,........0.087 mm.,—S. 45°E. 
2nd (max.) Displt.,....0.15 mm. (N’.8’.),.0.15 mm. (E’. W’.). 


72> Oop seG. (IN 3’.), 7 =0.28 sec. (H’. W’.). During the next 
12.7 sec., the motion was still active, but became much smaller 
than before: 2a=0.18 mm., 7'=0.39 sec.. (N’. S8’.);  2a=0.019 
mm., 7=0.31 sec. (E’: W’.).. The subsequent motion was slow 
and very small. 

33. Eqke. of Jan. 24th, 1914, at 8.29.43 A.M. <A sensible shock, 
of total duration=66 sec. [Prel. tremor.] Duration=1.4 sec. During 
the first 0.69 sec., the motion was small and slow, but during the 
next 0.69 sec., it was larger and composed of quick vibrations. 

Ist Displt.,........0.0046 mm.,—>N. 372°R. 
Max. 2a (2nd stage)=0.023 mm. (N’. S’.), 0.01 mm. (E’. W’.) 
[Princ. portion.] Duration=14.3 sec. The motion was composed 
of quick movements which were most active at the commencement : 
ist Displt; 233.4... 0.074 mm.,—>N. 44°E. ; 
ie Bl lets eee 0.084 ,, ,—-8. 42°W. 
The 2nd displt. was the maximum: 2a=0.11 mm. in each com- 
ponent. After 26.0 sce. from the commencement, the motion became 
very small. 

34. Eqke. of Jan. 22nd.1914, a€ 1.13.17 P.M. Total duration= 

96 sec.. Duration of the prel. tremor and the prine. portion= 26.5 see. 


[Prel. tremor.] Duration=2.5 see. There was no prominent maximum 
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vibration in the prince. portion, the quick movements at the com- 
mencement of the prel. tremor being quite large and sharp: 


1st well-defined Displt.,........0.015 mm.,—S, 45°W., 


this being preceded by a very small and slow displacement in the © 
opposite direction. Max. 2a= 0.02 mm. (N’. 8/.), 0.012 mm. (E’. W’,). 
[ Prine. “portion. ] The motion was composed of active quick 
movements for the Ist 7.9 sec. (E’. W’.) and 6.8 sec. (N’. 8’.). 

35. Eqke. of Jan. 28th, 1914, at 5.20.41 4.M. Total duration 
=17 sec. There was apparently no prel. tremor, the 1st vibration 
being the greatest. Duration of the prince. portion, composed of 
quick vibrations,=9.2 sec. (N’. 8’.), 6.2 sec. (E’. W’.). 


Ist. Displt.,... ....0.026 mm.,->N. 37°E. 


The 2nd displacement was the maximum: 2a=0.038 mm, (N’. S’.), 
0.033 mm. (H’. W’.). | 

36. Eqke. of Jan. 28th, 1914, at 6.45.38 A.M. This was a sen- 
sible shock, which indicated apparently no prel. tremor. Duration 
of the prince. portion, composed of quick movements, was=4.0 sec. 
(N’. S’.), 1.7 sec. (E’. W’.), the motion ending therewith quite 
abruptly. 

Ist Displt.,....... 0.023 mm.,—N.. 23°E. 
2nd ,, , (max.)=0.038 mm. (N’. S’.), 0.032 mm. (E’. W’.). 

37. Eqke. of Feb. 1st, 1914, at 7.27.15 A.M. The shock -was 
sensible. Total duratien=56 sec. Duration of the prel. tremor= 
2.46 sec. [Prine. portion.] Duration=6.1 sec. (N’. 8/.), 5.2 sec. 
(E’. W’.). The motion was composed of quick vibrations. ; 

Ist Displt.,........0.027 mm.,—>8. 50°W. 

ie een lng 0.033 ,, ,>N. 53°. 
1=0.38 sec. (E’, W’.). After the prince. portion, there was practi- 
cally no motion. 
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38. Egke. of Feb. Sth, 1914; 5.34.21 P.M. A very small shock 
of the total duration=18 sec. The prel. tremor was not clearly 
indicated. [Prine. portion.] Duration=3.0 sec. The motion was 
composed of quick vibrations. 

(late Displt een 2. -.0.013 mmi,—3S: 
PIO a icset sie Sota ODISe ear N. 1L2°W. 


After the prince. portion there was practically no motion. 
39. Eqke. of Jan. 29th, 1914; 6.43.58 aM. Total duration= 
37 sec. There was apparently no prel. tremor. The prince. portion 


lasted 7.6 sec., the max. vibration occurring at the commencement :— 


1st Displt.,........0.017 mm.,—S. 71°F. 
Max. 2a=0.045 mm. (N’. 8’.), 0.038 mm. (E’. W’.). 


After the prince. portion the motion was slow and very small. 

40. Kyke. of Jan. 21st, 1914; 10.11.41 P.M. There was ap- 
parently no preliminary tremor, the duration of the prince. portion, 
composed entirely of quick movements, being 5.4 sec. (N’, S’.), and 
3.28ec. (E’, W’.). Max. 2a=0.036mm. (2nd displt., KE’. W’.), 0.03mm. 
(3rd displt., N’. S’.). In the N’. 8’. compt., the motion was most 
active for the first 1.2 sec., there occurring a second max. group 
(2a=0.012 mm.) 2.8 sec. after the commencement. In the E’. W”. 
compt., the most active part lasted 1.8 sec., there being no 2nd 
max. group. The Ist displacement was 0.0283 mm. toward the W’., 
which corresponded to the two successive movements of 0.0033 mm. 
toward the N’. and 0.021 mm. toward the S’.; the resultant being 
0.034 mm.—S. 66°W. After the prine. portion, the motion became 
abruptly very small. 

41. Analysis of the seismograms photographically enlarged. 
Several of the tromometer diagrams of the more prominent 


volcanic earthquakes have been cnlarged photographically 6 or 7 
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times, with the resultant magnification of about 1,300 times, such 
that 1 minute time interval corresponded to the linear length of 
336 to 500mm. In §§ 42 to 48 are given the results of analysis 
of the photographically enlarged diagrams of the following eight 
seismic disturbances :— 


Jan. 22nd, 1914; 9.38.45 a.m. 


rn 20thiwe eee eel ae Poe 
re 5 ee te nl Ae ACM 
BS bth, 4,14 3) 1040 ST AM. 
fs DOES hoger) = Da Oeot tae Me 
Feb. = “1st; yk ed eB De NA hae 


be Sth, oe E11 Oe Ge Be 


In the diagrams of the first three earthquakes, the direction of the 
very first movement in the preliminary tremor has definitely been 
ascertained; while in those of the remaining four, the motion 
began at once with the maximum or large vibration, the prelimi- 
nary tremor being not distinctly indicated. 

42. Eqke. of Jan. 22nd, 1914; 9.38.45 A.M. Total duration= 
60 sec. [Prel. tremor.] The motion lasted 2.1 sec. in each compo- 
nent, and was composed of quick vibrations only, the very Ist 
displacement being 0.0104mm. directed toward 8. 29° E. Max. 
Za=0.023 mm. (EH. W’.), 0.017 mm. (N’. 8’.), occurred 0.52 sec. 
after the commencement. [Princ. portion.] Duration=2.1 sec. 


The maximum quick movements occurred at the commencement :— 


i Displtes sae se 0.069 mm.,—N. 35° EF. 
200 + nee eet eee 0.186 ,, ,—-S. 481° W. 
OF = '4. 0, ci tees 0.102 ,, ,-N. 55° E. 


Z'= 0.370, gee HRW 1.) 5 4d. =20 138) Bee... (NSS -..comptan are 
the next 10.6 sec., the vibrations were well-defined, but smaller: 
7’=0.34 sec., 2a=0.018 mm. (E’. W’. compt.). Thereafter the 
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motion, which continued for farther 27.6 sec., became abruptly 
very small and slow. 


43. Eqke. of Jan. 29th, 1914; 11.41.11 A.M. The duration of 
the prel. tremor was 1.77 sec. in the E’. W’. and 1.7 sec. in the 
N’. 8’. compt. The 1st vibration was as follows :— 


Pete Displie: . 2-42 0.0212 mm.,—S. 75° W. 
a1 EAP Sy Eee 0.0285 ,, ,—N. 66° E. 


The prince. portion, 5.4 sec. in duration, commenced with the fol- 


lowing max. vibration :— 


Ist Displt.,........012 mm.,—N. 36° E. 
Oe ee S, 0.172 ,, ,—S. 53° W. 

44. Eqke. of Jan. 29th, 1914; 11.41.52. A.M. This earthquake 
occurred 41 sec. after the commencement of the preceding. Total 
duration =16.7 sec. [Prel. tremor.] Duration =2.5 sec. :— 

Ist Displt.,........0.0106 mm.,—N. 75° E. 

VATS WAP Ser Me pat - o 0.022 ,, ,—-S. 81° W. 
Max. 2a=0.026 mm, (E’. W’. compt.); 0.024 mm. (N’. 8’. compt.). 
[Prine. portion.] Duration=2.9 sec. Max. motion occurred at the 


commencement :— 


(1st Displt.,....... 0.03 mm.,—N. 87° E. 
ZO ey be-e aeae 0.093 ,, ,—-S. 45° W. 


The subsequent motion was slow and small. 
45. Egqke. of Jan. 25th, 1914; 10.49.31 4.M. An unfelt shock, 
whose max. vibration occurred at the commencement :— 
eS displt., ......-0.034 mm.,—N. 431° E. 


2a easel sys Be 4: 0.060 ,, ,—S. 58° W. 
lara A eee 0.048 ,, ,—N. 60° E. 


Duration of the prince. portion, composed of quick vibrations, =7.7 
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sec. (N'. S’.), 6.4 sec. (E’. W’.). The subsequent motion was very 
small. 
46. Egqke. of Jan. 29th, 1914; 6.56.37 A.M. The motion was 
maximum at the commencement :— 
Ist Displt.,........0.034 mm.,-N. 373° E. 
ATL Gy aes jo aes 0.0605 ,, ,—S. 50° W. 
The prince. portion, 7.4 sec. in duration, consisted of quick vibra- 
tions of ZT=0.132 sec. (N’. S’. compt.). The subsequent motion 
was small and slow. 
47. Egqke. of Feb. 1st, 1914; 4.42.47 A.M. ‘Total duration = 
31 sec. Maximum movements occurred at the commencement :— 
Ist Displt.,......-.0.0169 mm.,—S. 45° W. 
Ae siete eee. £00000 | Gs... He 


artless. folk a 0.0355 ,, ,—S. 55° W. 


The subsequent motion was much smaller :— 


T=0.39 sec, 2a=0,0106 mm., (K’. W. cémpt.). 
L'=0.27, sec., £0.34 sec., 2a—0.018 mm, (N.S! -compiy 


48. Eqke. of Feb. 8th, 1914; 11.29.36 P.M. Total duration = 
8.3 sec. Duration of the prel. tremor=2.1 sec. [Prine. portion.]} 
Maximum movements occurred at the commencement :— 
ie Displt.,....... 0.035 mm.,—S. 664° W. 


| ide Be Ae ae anne 0.059 ,, ,>N. 60° E. 
3rd) gsc wats 20.036. 4, 428.) 47° W. 


The prince. portion was composed of quick vibrations’ and lasted 

3.4 sec., the subsequent motion being much smaller and slower. 
49. Duration of Motion. The mean duration of the prelimi- 

nary tremor in the different volcanic after-shocks mentioned in 


the preceding §§ was 1.94 sec., as follows :— 
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Duration of Prel. Ist displt. of prel. 
Tremor. tremor directed 


LOO CCE RUN ee toward S.E. 


2 ee 6) o) WTO + een e we eres sere! ,6 wo sie «iss © « 
Te a eh aa tie! el Cet Se) ease) wo, [oy 6. e) 6l cee be Whe 6 


Pe alee wae eee ale 6) a).e' 60! Gye © @.e, <) Bis a os. «te ow. 


See ce Mel eee) eee Week dale! s Bis) 6 6 @ oo 
SW Oe CE WLR he) ol OG U6 Te Te 8.6, od 0) 0-8 6) 6 8 
em seals Sele ele 6.6) )0) oo eh et & 6 0 0. fee! Bee & = 


ay eel iniipeiel i vllwieiie) ©) 6° 16.6 6 6 0 © @.*6 © 6 6: 6 8 6 


1.94 (mean) 


The corresponding focal distance is 14.4 km., which is exactly the 
distance from the observing place (Kagoshima prefectural office) 
from the main centre of the seismic disturbances assumed in § 51. 
It follows that the focal depth was very small. Consequently, the 
thickness of the surface layer of the earth’s crust over the lava 
“reservoir” under the inner Kagoshima bay, must be also 
small. 

The duration of the principal portion, generally not much 
different in the N’. 8’. and the E’. W’. components, was most 


frequently included between 3 and 9 sec., as follows :— 


z sec, sec. sec. 
Duration of Princ. Portion =a 4.1 Gee 
(N’. 8’. Compt.) 2.9 BA 9.2 
3.0 5.4 14.3 
Brae 6.1 20.0 
3.4 74 26.5 
4.0 7.6 


The total earthquake duration was mostly under 60 sec., with 
the mean of about 40 sec., as follows :— 
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eee ae Beal 

Total Duration. —8 3 rad & 60 
Leyte eT 66 
17. 40 96 
18. 56 


50. Period of vibration. The mean values of the periods of 
vibration occurring in the different earthquakes were (i) 0.33 sec., 
and (ii) 0.16 sec., as follows :— 


sec. 


0.254: sec. 

0.267 0.182 

ne 0.188 
0.16 sec. 


O05. | rioent 


0.340 0.33 sec. 
0.335 


0.375 
0.387 
0.392 


The (ii) period is half of the (i) period. 

These periods may. be regarded as characterizing the place of 
observation, in the prefectural compound, where the soil is low and 
soft, aud are different from those at the Kagoshima meteorological 
observatory (old site) standing on the top of a hill (§ 1). 

51. Direction of motion. (See figs. 10, 11, and 12.) The 
direction of motion of the vibrations at the commencement of the 
preliminary tremor and the principal portion have been ascertained 


in 6 cases, as in Table XV. 
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Fig. 10. ‘Tromometer Observation of ,the Sakura-jima After-shocks in 
Kagoshima: Vibration Direction at the Commencement of the Pre- 
liminary Tremor compared with that at the Commencement of the 
Principal Portion. (From original diagrams.) 

(i) Jan, 22nd, 1914; 1. 13.17 pm. 


3 Earthquakes : (is \oeeess is ey) Os DEAD AIM. 
(iii) Pe os ep ce ade 4a) AM, 


W 


a] 


Direction of the 


cote se Bt Displacement, Preliminary Tremor. 


1st ay , Principal Portion, 
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Tromometer Observation of the Sakura-jima After-shocks in Kagoshima: Vibration Direction at the Commencement 
of the Preliminary Tremor compared with that at the Commencement of the Principal Portion. 


(From photographic enlargements.) 


N 


S SS 2 
S 
“Peay eqn ((2)) Band 5” 9. 38. 45 A.M. 
a6 : Ane a Hi) 29th; 11.41.11 ,, Fig. 12. Different Earthquakes taken togethcr. 
Jan. ese : 9 
‘ (ili) Ems pA LeO ae 95 
Direction of the 


Direction of the Ce ehore 1st Displacement, Principal Portion. 
Dep korin Genin 1st Displacement, Preliminary Tremor, Ae 2nd 3 ; a 3 
As 6 @nele are 3rd ” P) ” ” 


Den lees lll ” 2 ” ” 
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In the 3 eqkes. Nos. vi, iv, and ii, the direction of the Ist dis- 
placement.in the preliminary tremor coincided nearly with that in 
the pr-ncipal portion, while in the eqke. No. v, the two directions 
were roughly opposite. Again, in the 4 eqkes. of the (A) group, 
the 1st displacement of the preliminary tremor was directed toward 
the N.E. (in one case, toward the 8.W.), and in the two eqkes. of 
the (B) group, it was directed towards the 8.E.; while the direc- 
tion of the Ist displacement in the principal portion was all directed 


toward the N.E., except in the one case of (ii), in which it was 


TABLE XV. DIRECTION OCF THE 1ST VIBRATION IN THE PRELIMINARY 
TREMOR COMPARED TO THAT IN THE PRINCIPAL FORTION. 


Preliminary Tremor. | Principal Portion. 
Earthquake | Pate (1914) and | 
No Time of \|- 
poser renae: 1st Displt. | 2nd Displt. | 1st Displt.. | 2nd Displt. 
y | er See 
. mm. mm | mm. | mm, 
Se Jan. 29th ; 0.02124 — 0.0285 U2 | U.1725 
11.4111 aM. S.78° W. N. C6°E. | N. 36°E. | S.53°W. 
- Jan. 29th; 0.01°€> | 0.0225 || 0.03-> | 0.093 
fe 11.41.52 a.m. N. 75 E. S81 Ww, || N 87°E. | S45°w. 
a Jan. 2ith; 0.0046— 0.0745 | ae ere 
8.29.43 aw. || N.37°L5. | ee pa ial fe jae 
a Jan, 22nd ; (Small)> 0.0155 | 
F 1.13.17 p.m. Nv ee S52 Wii) ae | 
F Jan. 22nd ; 0.0104 | | 0.695 | U.130> 
rs ? 9.58.45 a.m, S. 29°E. aes N. 35°E, | S.48°2W, 
a Jan. 23rd; 0.0095—> | | 0.0875 
8.51.55 a.m. | S.43°E. | eRe | 8. 45°E.. | nie 


directed toward the opposite side. I conclude :—jirstly, that the 
1st vibrations in the preliminary tremor and the principal portion 
were executed mostly in approximately similar directions ; and, 
secondly, that the Ist displacement in the principal portion tended 
to be directed generally toward the N.E. This latter fact is seen 
also from Table XVI, which gives,.for the different earthquakes, the 


direction and amplitude of the Ist and 2nd displaccments of the 
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vibration at the commencement of the principal portion. Thus the 
Ist displacement in question was directed toward the N.E., in the 
8 eqkes. of the (I) group, and directed toward the opposite side, 
or the 8.W., in the 4 eqkes. of the group (I’). In the 3 eqkes. 
of the (II) group, the initial direction was toward the S. or S.E. 

Taking together all the determinations relating to the 1st and 
2nd displacements of the preliminary tremor and the principal 
portion, as shown in Table XVII, we obtain the following two mean 
directions :— 

(DSN 3525 G0 Hee. OW (fl) S. 42° E.—N. 42°W. 

(1) represented the most frequently occurring direction of motion, 
and may be taken as indicating the existence of the principal 
source of seismic disturbance to the N. 52.°6 E. from the site of 
observation (the prefectural compound, Kagoshima) at the focal 
distance of 14.4 km. (§ 49). The position thus defined corresponds 
to a place off the Osaki-hana promontory, and naturally we are 
led to identify it with the centre of elevation of the sea-bottom® 
to the north of the Sakura-jima, at ¢=31°40/N., 4=130°40’E., 
which is situated at the distance of exactly 14.4 km. to the 
N.54°K, from the observing station. In this connection it may be 
added that the fore-shocks were felt with a very high frequency 
at the village of Saido on the north-western coast of Sakura-jima. 
(See the Bulletin, Vol. VIII, No. 1, p. 11.) (I!) may be taken as 
indicating the existence of a secondary source of submarine seism‘e 
disturbance to the south of the ‘ island.” 

d2. Range of motion. From Table XVI it is seen that the 
2nd displacement of the initial vibration of the principal portion 
was greater than the Ist in the average ratio of 1.8:1. Confining 
our attention to the cases of the gronp (1), the ratio in question 


* See the Bulletin, Vol. VIII, No. 4 
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TABLE XVI. SAKURA-JIMA VOLCANIC EARTHQUAKES OBSERVED 
TROMOMETRICALLY IN KAGOSHIMA, JAN. 16TH—FEB. 8TH, 1914: 
THE VIBRATION AT THE COMMENCEMENT OF THE 
PRINCIPAL PORTION. 


Ist Displacement. 2nd Displacement. ; 


mm. mm. 
Ue Nason Bonne he coe cc lta s ole 0.1368, 48°4 W. 
0.074-yN, 44° E. 4 
COALS TRS SR ae al ee ee 0.06098, 58° W. 
cy J C026 2N, 87°, a 
0.023-5N, 23° E. sos 
VES a Eis he ene Ee 0.06198, 50° W. 
2S Rio 0.17298. 53° W. 
Wily ie 8 AGE ip OS re ar coe Cae 0.093-9S._45° W. ; 
Bode tu ie Welette. Roe. sc. |... eae 0.0345N. 55° E, 
(ry | ORFS. BOTW. oes ee eeeeefere erties 0.033-9N. 53° E. 
Pigi-7S0.66°s Was..,.+-.-2--+|.. ee Se 0.059-yN. 60° E. 
0.03498. 66° W. 
0.01798. 71° E, 
(II) } 0.0878. 45° E. 


UV Ns oo eae ee ee Ee eae 0.018-5N. 12° W. 


TABLE XVII. TROMOMETER OBSERVATION OF SAKURA-JIMA VOLCANIC 
EARTHQUAKES, JAN. 16TH—FEB. 8TH, 1914: DIRECTIONS CF THE 1ST 
AND 2ND DISPLACEMENTS AT THE COMMENCEMENT OF THE 
PRELIMINARY TREMOR AND THE PRINCIPAL PORTION. 


N. 23° E, N. 58° S. 42 W. 5. 538° W. S. 43° E, 

N. 35° E N. 55° E. S. 45° Ww. S. 55° W. S. 45° E, 

N. 36° E N. 55° E, S. 45° W. S. 58° W. S, 71° E. 

N. 37° E N. 60’ E. S. 45° W. S. 66° W. S. 29° E. 

N. 37° E N. 60° E. S. 48°: W. S. 66°3W. S. 

N. 37°4E. N. 66° E. S. 50° W. S, 75° W. N. 12 W. 

N. 43°35. N. 75° E. S. 50° W. S. 81° W. N. 51° W. 

N. 44° E N. 87° E. 8. 47°. W. 

| (II) S. 42°B.— 
N. 42°w. 


(1) N. 52.°6 B.—S. 52.°6 w. 
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comes out to be 2.0:1. These results are what may be expected, 
as the Ist displacement is of the nature of a simple amplitude and 
the 2nd of that of the double amplitude. 

33. Comparison with the fore-shocks. The ordinary scismo- 
graph diagrams of the Sakura-jima fore-shocks obtained at the 
Kagoshima meteorological observatory (Chapter III) was inferior to 
the continuous tromometer registers of the volcanic after-shocks in 
the accuracy of the determination respecting the directions of 
motion. Still the results furnished by the former series of obser- 
vation was approximately similar to those by the latter; the most 
active centres of the volcanic fore-and after-shocks being probably 
identical, and situated under the sea, coincident with the elevation 
part of the bottom of the inner bay. <A feature of special interest 
is that the maximum displacements at the commencement of the 
principal portion tended to take place toward, or away from, the 
centre here assumed, even in some cases in which the 1st move- 
ments in the preliminary tremor pointed toward the S.E., with the 
origin of disturbance in the latter direction. This may be consi- 
dered as indicating a habit of the Sakura-jima earthquakes, due 
probably to the facility of the production of prominent movements 
radially to the sensitive seismic focal area, irrespective of the 
location of d'sturbance origins at other points in the vicinity. 

The great eruption of Sakura-jima of 1914 may be regarded 
as the culmination of the powerful volcanic tension which had 
existed under the voleano and the bottom of the Inner Kagoshima 
Bay, and the principal eruptive energy has been spent during the 
first two days of the outburst, Jan. 12th and 13th, when the 
emission of an immense quantity of smoke, ashes, and pumice, 
was followed by the outflows of an exceptionally large amount of 


lava. The eruption took placo from the Sakura-jima, but the lava 


is 
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Diagrams illustrating the Origin of the Fore-shocks and After-shocks 
of the Sakura-jima Eruption. 


ae Sars Underground Lava Reservoir. tP ee aS Pressure of the Surface Earth-crust. 
Dee has Underground Volcanic Tension. K........ Observing Station. 


Surface 
& ———— = 
Zo eS 
Je ae Pe one 
ae Te te 
PE a My 07 ie HS 
(aa ik ee ee at 
ET DS ACN oat SIL WOM St 
BOE Cece aac ae | 
Ch OM A aoe Wider ear ek & - ~ S 
SSS 
—— ane xt ak 
ee “xox: Som ROR me = 
7 ie : 
Fig. 13. Origin of a Voleanie Fore-shoc's. 
Surface 


Fig. 14. Origin of.a Volcanic Afler-shock. 


“reservoir” existed under the inner bay,* where the principal 
seismic centre was also located. The volcanic fore-shocks on the 
11th and 12th of Jan. 1914, were doubtless the result of the 
upward underground tension, contending to burst open the super- 
incumbent. portion of the earth’s crust. After the principal erup- 
tive stages, there sct in the subsidence of the disturbed region, 


which tended to push down the superficial portion of the earth’s 


* The Bulletin, Vol. VII[, Nos. 2 and 4. 
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crust spanning over the more or less vacant lava “ reservoir,” this 
being probably the main cause of the volcanic after-shocks. Hence, 
the 1st displacement of the principal or maximum vibration of a 
voleanic fore-shock ought most naturally to be directed outwards, 
and that of voleanic after-shocks to be directed origin-wards, as 
illustrated diagrammatically in figs. 13 and 14. This directional 
difference is in harmony with the results of the instrumental . 
observations in Kagoshima (§ 51), where the Ist displacement of 
the principal portion of the fore-shocks was mostly directed towards 
the 8.W., and that of the after-shocks mostly toward the N.E. 
In the above considerations respecting the direction of motion, 
it ig assumed that the application of the volcanic tension from 
below did not result in a marked upheaval of a small central 
area, in which case the Ist displacement ought to be directed 


inwards, being virtually the first stage in a volcanic explosion. 


CHAPTER V. TROMOMETER OBSERVATION IN KAGO- 
SHIMA OF THE SAKURA-JIMA AFTER-ERUPTIONS, 
JAN. i6TH—FEB. 8TH, 1914. 


54. Observation in Kagoshima. The compound of the Kago- 
shima prefectural office, where the tromometer observation has been 
carried on (§ 30), is situated 10 km. nearly westwards from the 
centre of Sakura-jima. Its position relative to the craterlets on 
the two sides of the voleano, which were active at the time con- 


cerned, was as follows :— 


5.9km. to the W. 5° N.-from the Lowest Craterlet on the W. flank ; 
8.0:Ki. ayy Van cose “ Highest _,, bs : 
TLS kane Saw, LON: a No. 2. Craterlet on the S.E. flank ; 
143 kes ee ce. a Lowest 


99 9? 
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The No. 2 a.d the lower craterlets on the S.E., or the Nabe- 
yama, side remained active for different long time intervals, while 
the craterlets on the W. side of the island ceased to be active on 
cr about the 25th of January (1914). 

The two pointers of the tromometer were arranged so as to 
register the motion in the directions W.8°N.-E.8°S., and S.8°W.— 
N.8°E. These corresponded, with regards to the craterlets, approxi- 
mately to the longitudinal and the transverse components respective- 
ly. In the following §§ are described the instrumental diagrams 
of a number of the more prominent after-eruptions observed in 
Kagoshima between Jan. 16th and Feb. 8th, 1914. 

55. After-eruptions on evening of Jan. 16fh,1914. The maxi- 


mum movements in some of the larger disturbances were as follows : 


- 


Longitudinal Component. Transverse Component. 
A UES Serie Ts = Me a a rr 0.051 mm. 
SUT A Roe ike: hae 0.047 _,, 
0.042 _,, 

0.041 ,, 


56. Jan.17th, 1914; 6.29.03 P.M. The very lst displacement 
was 0.0086 mm. toward 8. 47°E. [Longit. compt.] During the 1st 
2.8 sec., the motion was very small. During the next 4.3 sec. : 
T=0.6 sec., 2a=0.017 mm. Motion large for the next 21.5 sec.: 
T=1.3 sec., 2a=0.041 mm. In the subsequent portion: 7=2.5 
sec., /’=1:2 sec., ete. [Transv. compt.] During the Ist 2.8 sec., 
the motion was small and slow. For the next 6.9 sec., the motion 
was small, but active: 7=—0.44 sec., 2a=—0.022 mm.; 7=0.88 sec. 
During the next 17.5 sec., the motion was large and composed of 
slow vibrations of 7’=1.8 sec. (2a=0.048 mm,) mixed at first with 
those of 7=0.57 sec. In the subsequent portion: J'=2.7'sec., 
T=1.4 sec., ete. 
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Longit. Compt. Transv. Compt. “ 
Duration of prel. tremor,............ 2.8 sec. 2.8 sec. 
- ., prine. Oro reore ss 3 Lo 36.0 
: 5, Specially active part, ....24.0 Lo : 
BLO UIVE GION rite cleat ees oh sos over 91.0 73.0 


57. Jan. 17th, 1914; 6.17.25 P.M. The very Ist displacement 
was 0.002 mm. directed toward, and the 2nd was 0.01 mm. away 
from, the Sakura-jima. The distinct motion occurred 6.2 sec. 
earlier in the longit. than in the transv. component. [Longit. 
compt.| For the Ist 5.5 sec.: 7=0.9 sec.,, 2a=-0.0gmamaaeen 
the principal portion: 7=1.11 sec., 2a=0.036 mm. [Transv. 
compt.]| ‘The preliminary tremor lasted 6.2 sec. Max. 2a=0.03 mm., 
i freee WA Wins CeCe 


Longit. Compt. Transv. Compt. 
Duration of prel. tremor and prince. portion,.... 41.2 see. 37.2 sec. 


Duration of specially strong portion .......... 21.2 21.0 


58. Jan. 17th, 1914; 7.13.17 P.M. The 1st displacement was 
0.01 mm. directed away from the Sakura-jima. The motion be- 
came distinct 4.5 sec. earlier in the longit. than in the transv. 
component. [Longit. compt.]| The motion was definite from the 
commencement, giving no distinction between the prel. tremor and 
the prince. portion. Z=1.03 sec, 2a=0.02 mm. [Transv. compt.] 
Max. 2a=0;017 mm? ee =0 98sec. 


Longit. Compt. Transv. Compt. 
Duration of prel. tremor and prince. portion,.... 16.4 sec. 11.4 see. 


Potaladwrawon se: . wie. werent ee. &: Feds bec 32.0 27.0 


59. Jan. 18th, 1914; 6.57.04 P.M. The Ist displacement was 
0.005 mm. directed away from the Sakura-jima. [Longit. compt.] 
Prel. tremor lasted 4.1 see. Active motion: set in 6.4 see. after the 


start... Maze. 2a=-0:036 hmm: 2010.90 sees toe! = 162 ace: [Transv. . 
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compt.] Prel. tremor lasted 4.1 sec. Max. motion,=0.03 mm., 
occurred 10.5 sec. after the start. 7=0.91 sec.; 7'=1.56 sec. ’ 


Poneit Compt. Transv. Compt, 
Duration of principal portion,.......... 27.5 sec. 26.0 sec 
¥ spec. active portion, ...... 13.7 10,0 
AEE OT ee pg se o's sos we 62.0 53.0 


60. Jan. 18th, 1914; 8.20.44 P.M. <A gmail disturbance, 
which lasted 21 sec. and 17.7 sec. in the longit. and the transy. 
components respectively, and then abruptly ended. The definite 
motion in the longitudinal occurred 3.5 sec. earlier than that in 


the transverse component. 


Longit. compt. .... Max. 24=0.018 mm., 7=1.57 sec. ; 7=2.05 sec. 


Transv; compt. ....  ,, SAUAUI Ul te ay Le Ss eee 


61. Jan. 19th, 1914; 6.50.4M. This was a fairly large dis- 
turbance whose Ist motion was very small and directed toward 
‘the origin, and whose 2nd motion was 0.0076 mm. due west, 
(The diagram has been given in the Bulletin Vol. VIII, No. 1.) 
The motion became distinct in the transverse component 4.8 sec. 
later than in the longitudinal: The max. transy. displacement 


occurred 13.8 sec. after the start. 


Longit. Compt. Transv. Compt. 
Dur. = 5.5 see. Dur.=6.3 sec. 

Ercole lomor 2.1 toe «ssi : 

2a=0.012 mm. {Motion very small. 
Dur. of prince. portion,......... 46.5 see. 40.5 see. 
Dur. of spec. strong part, .... 26.0 ,, 15.0 ,, 
Notal duration esst 0.3... 114.0 ,, 114.0 ,, 
LR tye oe LIM eh th a a 0.055 mm. 0.050 mm. 
Aer tt cae! yey a ee 1.13 see. 1.15 sec. 


62. Jan. 19th, 1914; 5.16.38 aM. The preliminary tremor 


lasted 4.0 sec. in each component, the Ist displacement being 
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directed away from the Sakura-jima. ‘In the transv. component, 
the motion was small for 6.8 sec. The max. longit. and the max. 
transy. displacements occurred respectively 15.2 and 11.3 see. 


after the commencement. 


Longit. Compt. Transy. Compt. 
Duration of prince. portion .... 41. sec. 31 sec. 
Total, durations tee oa ee oe fia (eS: | == 
Max.}24¢; Pie i Eee ee 8 oe. O.0oSanm- 0.045 mm. 
0.90 see. ; 0.91 see. 
7 Sas | a 


63. Jan. 19th, 1914; 4.47.00 AM. ‘The longit. and the transv. 
vibrations remained small for the first 8.5 and 6.0 sec. respectively ; 
the motion becoming distinct in the former component 2.6 sec. 
earlier than in the latter. The longit. motion was most active 
during the interval of 17.5 to 26.5 sec. from the commencement, 
max. displacements also occurring 8.5 and 12.0 sec. after the 
same time moment. The max. transv. epoch set in 14.7 sec. 


after the commencement, when the longit. motion was at a 


minimum. 
Longit. Compt. Transv. Compt. 
Duration of prel. tremor,...... 3.0 sec. 3.5 sec. 
ee > prince. portion; ...2 28.5 ,, 20.57, 
o » Spec. strong part, . . 21:0 |, ry Loss 
Total IHTatION, on peu ee See os 100.0 ,, — 
UV AS SAG Ae, ih. cera is cree 6 ey, 0.05 mm. 0.046 mm. 
TT ect ok og ale 0.91 see. acs 
(ves 


ponent, the motion remained small for the Ist 8.4 sec., and the 


max. displacement occurred 10.1 sec. after the commencement. 
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Longit. Compt. Transv. Compt. 
Duration of prel. tremor,...... 3.0 see. 
i », prince. portion, .... 42.0 see. 40.0 ,, 
3 »y Spec. strong part,.. 27.5 ,, 23.0) 5; 
pals QUraMot, a ate as sis Ct. 67.0" 3 
PL See A melon Slee eee oe . 0.044 mm. 0.042 min. 
1.07 sec. {0.86 sec. 
A Ik BEE eas Sa 
| Tosi [124 ,, 


65. Jan. 19th, 1914; 8.48.36 P.M. There is a doubtful trace 
of prel. tremor of 5.5 and 2.5 sec. duration in the transv. and 
longit. components respectively. The moments of the commence- 


ment when the motion became distinct were as follows :— 


Longitudinal, 8. 48. 36.4 P.M. Transverse, 8. 48. 39.8 P.M. 


Thus the longit. motion occurred 3.4 sec. earlier than the trans- 
verse. [Longit. compt.] Duration of prince. portion=138.5 sec. Total 
-duration=27 sec. The most active portion, 2a=0.015mm., 7= 
1.25 sec., occurred 9.4 sec. after the commencement. [Transv. 
compt.] Prine. portion lasted 14.4 sec., the max. displacement of 
0.013 mm. having occurred 5.0 see. after the commencement, 
7=0.86 sec. After the prince. portion, the motion «vas practically 
nil. oe 

The elements of motion in some of the other after-cruptions 
on Jan. 19th are given in Table XVIII. 

66. Jan. 21st, 1914; 8.44.38 P.M. In the longitudinal direction, 
the prel. tremor lasted 10.9 sec.: T7=2.4 sec. The principal por- 
tion began simultaneously in the two components, the longit. dis- 
placement at the beginning being 0.013 mm. toward the Sakura- 
jima, corresponding to a complete oscillation in the transv. com- 
ponent composed of the two displacements of 0.005 mm. toward 
S. 8° W. and of 0.006 mm. toward N..8° HE. 
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Longit Compt, Transv. Compt. 


Duration. of prince. portion, .............. 11.5 see. 11.0 see. 

Dix 29, aie. hee eg. ae a eae ore »... 0.029 mm. 0.017 mm. 
1.4 see. 

Learns Be ios GREE es ee hae eon GCE .2 sec. | 

Dae es he as 1.2 sec Wives 


TABLE XVIII. ELEMENTS OF MOTION IN SOME OF THE AFTER- 
ERUPTIONS OBSERVED ON JAN. 19TH AND 21ST, 1914. 


Longitudinal Component. . Transverse Component. 
Date Time ; 
(Jan. of Duration of Max. Motion. | Duration of Max. Motion. 
1914.) | Occurrence. 
: Total | : Total 
| Princ. : | @Prine ee. 1 
Portion.) Petry 26> | | Portion, | Us 
| | 
ec. 
— eC. sec. mm, sec. | sec, sec, mm. 0.88 
19 2.36.10 a.m.t 45.5 69 0.025 11 -_ = 0.028 { 17 
Sh 2.49.57 ,, 22.0 38 0.027 1.02 || 22.0 +2, 0.025 1.0 
x 6.05.01 ,, 28.0 80 0.035 1344) = 0.024 1.1 
. 6.3146 ,, 2] 27.5 75 0.(38 12 || 280 ae 0.038 1.14 
| 0.80 
mi 8.0011, | 425) — | 0.038} 116] 310) — | 0038 Gee 
0.92 | 0.9 
‘ SOS Slice 8 ermes — | 0.037 ne 63.0| 97 | 0.036 | me 
8.49.26 p.m. an = 2s SD Ree 10.3 | 0.005 1.6 
uy 6.55/39 Ca5) He Se = 0.01 sae 8.8 “4 0.011 _ 
21 3.41.23 a.m 4 38.0 | 107 0.05 1.03 || - 34.0 17 0.057 0.83 
o4 | 11.29.35, = Bl 201620. .9) lh be 34 | 0.024 { one 


(1) Duration of prel. tremor (longit.)=6.2 sec. 


(2) 5 a3 Pa . (transv.) =14.2 sec. 
(3) Duration of specially active part=18.4 sec. (longi!.), 17.4 sec. (transv.). 
(4) ” ” ” ” oy = 14.0 sec. ” 8.1 sec. on 


67. Jan. 21st, 1914; 10.11.53 P.M. The longit. motion began 
2.7 sec. earlier than the transverse, and the 1st displacement was 
0.006 mm, directed away from the Sakura-jima. [Longit. compt.] 
For the 1st 6.1 sec., the motion was small and composed ef 24 
slow oscillations of 7’'=2.6 sec. (2a=0.018 mm.) mixed with smaller 


and quicker movements. For the next 20.8 sec., the motion wag 
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larger: T=2.6 sec., 2a=0.032 mm.; 7=1.04 sec., 2a=0.026 mm. 
{Transv. compt.] Motion small for the Ist 5.8 sec.; 2=2.3 sec., 
29a=0:017 mm.; TZ=0.73 sec. For the next 8.1 sec., the motion 
was larger, and composed of 44 vibrations of 7=1.8 sec., 2a= 
0.028 mm. The subsequent motion was much smaller: 7’=2.1 sec., 
2a=0.016 mm. 


Longit. Compt. Transy. Compt. 


Duration of prel. tremor and prince. portion, 27.0 sec. 23.0 sec. 
Duration of spec. strong part, .......... 18:6:.,, dhet{one- 
Usa) CO TOM Ge) a os ee ee BO.2" 35 B40) 


68. Jan. 21st, 1914; 2.07.26 P.M. The longitudinal motion 
began 1.0 sec. earlier than the transv. The Ist displacement was 
0.032 mm. toward S. 85° W. The first max. motion, which occurred 
at the commencement of the principal portion of the transverse 
component, was 0.048 mm. toward N. 58° E. [Longit. compt.] 
Motion ssmall for theelst 7.0 sec.: 7—0.78 sec., 2a=—0.017 mm, 
For the next 7.5 sec. the motion was most active (7’=0.7 sec.), 
beginning with an outward displacement of 0.033 mm. The two 
max. movements of 0.037 mm. and 0.046 mm. occurred respectively 
9.9 sec. and 14.2 sec. after the commencement. Thereafter the 
period was 7'=0.8 sec. (2a=0.026 mm.). At the end, the motion 
was slow: 7’=1.25 sec. [Transv. compt.] Motion small for the 
Ist 4.3 sec.: 7'=0.61 sec., 2a=0.01 mm. For the next 4.4 sec., 
the motion was a little larger: 7’=0.73 sec., 2a=0.016 mm. Then 
there followed for 2.0 see. the most active part: 7=0.67 sec., 2a 
=(0.043 mm. Thereafter slow movements of 7’=1.27 sec. were 
mixed with those of 7'=0.66 sve. (2a=0.031 mm.). 


Longit. Compt. Transv. Compt. 
Duration, Of) priniGe Portion, oi... wens 31.0 sec. 25.4 see. 
a fe S DOC SION OE DOT By. 5,. nteies = Lites iB se 


otal AnEntion, tenia crak oes ceoaea ciate orate 66.0, 55.07%; 
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69. Jan. 22nd, 1914; 2.54.18 A.M. This was a fairly large dis- 
turbance, of the total duration of 76 sec. The prince. portion lasted 
47 and 44 sec. respectively in the longit. and the transv. compo- 
nents. The very 1st displacement was small and directed toward 
Sakura-jima, while the 2nd was 0.013 mm. toward N. 54° W. 
The most active part, which lasted 22 sec., began 6.5 sec. later 
on, commencing with the longit. displacement of 0.045 mm. toward 
Sakura-jima, accompanied by two transv. displacements of 0.015 
mm. toward N. 8° E. and of 0.018mm. toward 8. 8° W. The 
max. vibration, which occurred 16.5 sec. after the start, was as 
follows: 2a=0.047 mm. toward N. 28° W., 2a=0.055 mm. toward 
S. 48°14 E. In the transv. component, 7=1.18 sec., 7=2.24 sec. 

70. Jan. 22nd, 1914: 9.38.45 A.M. Total duration = 64 sec. ; 
duration of prince. portion=38 sec. The Ist displacement (=0.01 
mm.) in the longit. component occurred 1.3 sec. earlier than in the 
transverse, and was directed away from Sakura-jima. Max. dis- 
placement in each component was 0.037 mm. (slow motion), and 
0.02 mm. (quick motion). 

71. Jan. 22nd, 1914; 10.45.204.M. Total duration =32.3 sec. 
The 1st displacement (=0.013 mm.) in the longit. component oc- 
curred 2.2 sec. earlier than in the transverse, and directed away 
from Sakura-jima. 

LTongit. Max. 2a=0.025 mm., 7=1.04 sec., 7=1.16 sec. 
Transv. 3 = OU023'4,, 4,0 1.02 sec, TS O.15 Bec, 

72. Jan. 22nd, 1914; 11.44.43 4M. The Ist displacement was 
0.011 mm. toward 8S. 70° W. The motion became well pronounced 
4.0 sec. earlier in the longit. than in the transv. component. 


Longit. Compt. Transy. Compt. 
Duration of prelf tremor, 0. «oe en — sec. 4.0 see. 


MS PIiic:, Portion se eke. eee 26.0.5, 22.0 


9) 
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otal GuraniOnt iat amber s. niet ost ee ds 3 51.0 see. a 
DER Sy Wile A aE 8. ee Sg oe Aare a ee 0.028 mm. 0.024 mm. 
TES ac RN PES Ty Sie ea 0.77 sec. 0.77 see. 


73. Jan. 22nd, 1914; 1.10.28 P.M. Definite movements oc- 
curred 2.5 sec. earlier in the longit. than in the transv. component. 
Longit. Compt. Transy. Compt. 
Duration of prel. tremor, «.......------ — 4.4 sec. 
:. DENCE DOTGION,. 2 Wat. Futeen 36.5 sec. 28.2 
BPG PL LTAT eeEO TIS teat oe ees ce eh agn'sf wR oa DED. »s LUST tes 
EOS Ode. Gee eS 7 a 0.023 mm. 0.024 mm. 
HES 0c oe cal ea a ee aa 0.85 sec. a 


+P) 


74. Jan. 22nd, 1914; 7.47.50 PM. This was a very small 
disturbance composed of slow movements, and was due to an 
outburst whose loud detonation was perceived in Kagoshima (at 
the Satsumaya Hotel) at about 7.47.50 p.m. The Ist definite mo- 
tion occurred 2.8 sec. earlier in the longit. than in the transv. 
component. Total duration =82 sec. [Longit. compt.] The prince. 
portion appeared 5.4 sec, after the commencement : max. 2o-= 0.012 
mm., 7=1.9sec. [Transv. compt.] Max. 2a=0.008mm., 7=1.8 sec. 

75. Jan. 23rd, 1914; 2.20.20 4M. Also a small and very 
slow disturbance, due to an outburst whose loud booming sound 
was perceived in Kagoshima at 2.20.37 a.m. The longit. motion 
occurred 7.0 sec. earlier than the transverse, the Ist displacement 
being 0.0015 mm. toward, and the 2nd 6.006mm. away from 
Sakura-jima. [Longit. compt.] Total duration =45.5 sec. » Motion 
small for the lst 8.0 sec. The princ. portion lasted 15.0 sec.: T= 
1.9 sec., 2a=0.014mm.;. 7=1.28 sec., 2a=0.012 mm. [ Transv. 
compt.| Total duration=27 sec., no prel. tremor being indicated. 
The prine. portion lasted 16 sec. and was nearly uniform: T2220 
sec., 2a=0.014 mm.:;: 7’=0.68 sec. 
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76. Jan. 24th, 1914; 6.28.43 P.M. The Ist distinct displace- 
ment was 0.006 mm. toward §S. 48° H. 


Longit. Compt. Transv. Compt. 


Duration of prince. portion, ........ EN 32.7 sec. 19.8 sec. 
otal eitibationae: iru, Sel. oo ees, eles ee — Gi.08 

NER an ome Cereus eeres os Lael PAO ae Kae 0.023 mm. 0.027 mm. 

AVN, Gayatri eh wea ar te en LR A tec tse Rew ee 0.91 sec. 0.73 sec.; 1.2 see. 


77. Jan. 24th, 1914; 3.28.54 P.M. [Prel. tremor. ] The 1st mo- 
tion was directed away from Sakura-jima, and=0.009 mm., accom- 
panied by a transverse vibration composed of two displacements of 
0.002 mm. toward N. 8° E. and of 0.002mm. toward S. 8° W. 
Longit.: T=0.94 sec., 2a=0.009 mm. Transv.: T=0.73 sec., 2a=" 
0.005mm. [Prine. portion.] The 1st displacement was 0.02 mm. 
toward N. 60° E. Longit.: duration=21.8 sec., 7=1.04 sec. Transv., 
duration = 22.2 sec., T=0.89 sec. 

78. Jan. 26th, 1914; 11.18.57 P.M. Total duration = 43 sec., 
duration of prince. portion=23 sec. Longit.: T=0.9 sec., 2a=0.017 
mm.  Lransv, : “70.8 sec,, 240.023 mm. 

79. Jan. 26th, 1914; 2.41.04 AM. Total duration =—69 sec. ; 
duration of prince. portion=27.5 sec. Definite motion in the longit. 
occurred 5.0 sec. earlier than in the transv. component,  Longit., 
L=0.97 sec., 2a=0.024 mm. ; transv., T=0.91 sec., 24=0.022 mm. 

80. Jan. 26th, 1914; 3.46.59 aM. Total duration =68 sec. : 
duration of prine. portion=24 sec. The well defined prince. portion 
began 6.5 sec. earlier in the longit. than in the transv. component, 
the Ist displacement of this stage being 0.015 mm. toward S. 88°W. 
The max. longit. motion of 0.034 mm. occurred 17.5 sec. after the 
commencement of the prine. portion. Longit., T=1.33 sec,, 2a= 
0.034 mm. ; transv., T=1.35 sec., 2a=0.031 mm. 

Sl. Jan. 26th, 1914; 6.01.33 4.M. Total duration=54sec.; dura- 
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tion of the prel. tremor=9.0 sec. The prince. portion in the longit. 
occurred 4.9 sec. earlier than that in the transy. component. Longit., 
T=1.03 sec., 2a=0.019 mm. ; transv., T=1.03 sec., 2a=0.024 mm. 

82. Jan. 26th, 1914: 9.00.09 4.M. The disturbance was very 
small and slow and was due to an outburst which caused a strong 
detonation with shaking effects perceived in Kagoshima (at the 
Satsumaya Hotel) at 9.01.01 am. 


Longit. Compt. Transy. Compt. 
Duration of prince. portion,.......... 48.5 sec. 46.5 see. 
Ota GurauiCnee. -wamnines. vo 3c)... . over 88. __,, OTe: 
Time of commencement, ............ 9.00.09 A.M. 9.00.09 a.m. 
Motion slightly increased at ... ....9.00.17 9.00.154 
- became definite at ........ 9.00.23,6 9.00.29,4. 
Maximum portion began at ........ 9,00.34,8 9.00.40,3 
‘ag eridedeat tgs 4 cr <:s.c 9.01.18,6 9.01.26,8 


[Longit. compt.] During the 1st 31 sec. of the prine. portion, 7=2.4 
sec., 2a=0.016mm. Thereafter, 7=1.26sec.,2a=0.019mm. [Transv. 
compt.] . 7=2.6 sec.; T=1.4 sec., 2a=—0.012 mm.; T=0.66 sec. 
83. Jan. 29th, 1914; 10.51.03 P.M. The motion became definite 
in the transy. component 2.6 sec. later than in the longit. The 
very Ist quick displacement was 0.013 mm. directed away from 
Sakura-jima, while the two slow vibrations at the commencement 


were composed of the following displacements :— 


Ist displt.,....0.015 at d due west. 
Ist Slow Vibration ee ISP. mm., towar Ww 
n 


ete UULSe) at; » due east. 
Teer te werae OL0Ga*. 145. oy. ukk. OOO W; 
2nd Slow uf 
2nd, (aX, yea. 0.030" 95, 5 Gal By Nae Es 
Longit. Compt. Transv. Compt. 
Duration: of prey tremors. 5.2.2) 2/4... 4s 3.3 sec. — 
me BELG es DOL OW ee Fer oe ca 2402: 19.7 sec. 


Vota dirationer css tet ek eee ko ts Peed Ae, s — 
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ane ee id ie 5 oe .. 0.94 sec. 0.92 sec. 
pas aan | Max. Es al ies A Sa rote 0.024mm. 0.019 mm. 
Slow awibraton, ivan Seine hn ein «sons ans 2.1 see. 1.9 sec. 


84. Photographic enlargements. In §§ 85 to 89 are given 
the results of analysis of the photographically enlarged copies of 


the diagrams of the following 5 after-eruptions :— 


Jan. 17th, 1914; 10.41.58! p.m. 

pairs OUT ois 25) OL A: wr gs 

= vo 6: 04,045 ee 

. ‘tas LOUEU! & Wes 

ATS OS ee eee Pino 
The motion consisted of slow vibrations, as was the case with the 
shakings of the ground caused by the Asama-yama explosions. 
(See the Bulletin, Vols. VI and VII.) Illustrative diagrams are 

reproduced in figs. 15 to 21 (Pls. LXXIX to LXXXYV). 

85. Jan. 17th, 1914; 10.41.58; P.M. This was due to an out- 
burst from one of the W. side craterlets, whose strong detonation 
was perceived by the author at 10.42.13 p.m. at the Satsumaya 


Hotel in Kagoshima. 


f Longit. Compt. Transy. Compt. 
ee of prel. tremor 
AO PME POrON,. «ee tk ee eee £6.38 800) 21.2 see. 
Duration of most active part, ............ a 11.0 
Total uration; eee ee ol eee 68. 60. 


The very first displacement was directed radially outwards from 
Sakura-jima, and the transverse component was nearly zero during 
the first 1.5 sec. [Longit. compt.] For the first 2.5sec.: T= 
1.01 sec., 2a=0.016 mm. For the next 6.5 sec., the motion. was 
comparatively slow: 7=2.15 sec., 2a=0.018mm. ‘Then, for 7.8sec., 
the motion was most active and regular (7=1.2 sec.) and indicated 


the following two maximum movements at the commencement and 
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the end :— 


1st Displacement 0.032 mm., toward S. 40°R. 
Last 5 CRO ZOOM yar x S. 86°. 


This portion was essentially longitudinal in character, but for the 
next 4.4 sec., the longitudinal component was nearly zero. Then 
at 21.2sec. after the start, there occurred a well pronounced 
displacement of 0.020 mm., toward N. 82°E. The subsequent motion 
was much smaller, there being 6.3 sec. later on a few vibrations 
of 7=1.06 sec., 2a=0.01 mm. [Transv. compt.] During the first 
5.7 sec., the motion was small: 7=0.76 sec., 2a=0.011 mm. Then 
there took place a prominent vibration of 7'=0.96 sec., and 2a= 
0.020 mm., which was purely transverse; the corresponding longi- 
tudinal component being zero. The motion continued quick in period 
for the next 4.9 sec.: 7=1.10sec., (2a=0.022 mm.). For the next 
14.7 sec., the motion was large, but slow: T=2.1sec., 2a—0.021 
mm. ‘Thereafter the vibrations were abruptly reduced and remained 
- nearly uniform for 16sec.: T=2.1sec., 2a=0.01mm. The sub- 
sequent motion was very small. 

86. Jan. 18th, 1914; 6.07.42 P.M. (Fig. 19.) The very first. 
displacement was 0.0013 mm. directed outward from, and the 2nd 
was 0.0043 mm. toward to, the Sakura-jima radially, the com- 
mencement of the longitudinal motion being 2.0 sec. earlier than 


that of the transverse. 


Longit. Compt. Transy. Compt. 
Duraitonyoteprel atemore 9. os fed wcau fq eee 3.2 sec. — sed 
rr TEL PONION ae ete a hoe ne EO. cys On is 
- MostActive: Part, “Bei. wees ac. 20.6 ,, LGsLe 


INGOT. GUE Natetie Ogg eha yeu fa ee ene eae, Spee 93. = 2, Oita 5 
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The movements during the successive stages were as follows :-— 


Longitudinal Component. Transverse Component. 


(i). Preliminary Tremor: Duration =3.2 sec. 
Motion small and composed of Motion very small: Y=0.9 sec! 
two slow vibrations of 7’=1.58 
sec., 2a=0.0072 mm. 


(ii). 8.4 see. 
Slow movements: 2=1.05 sec., Quick vibrations: 7=0.84 sec., 
2a=—0.044 mm. 2a=0.014 mm. 


(iii). 3.8sec.: Motion essentially transverse. 

Motion small: 2=0.93 sec., 2a T=1.10 sec. The Ist vibration 
=0.019 mm. was a maximum, and composed of 
the two displacements of 0.022 mm. 
and 0.047 mm. directed toward 
S. 8° W. and N. 8° E. respectively ; 
the simultaneous longit, component: 


being zero. 


(iv). 8.6sec.: Motion most active and regular. 


T=1.2sec. The Ist vibration was a maximum and composed of the 
following two displacements :— 
1st Displacement 0.061 mm., toward N. 34°W. 
2nd 5 0.062. ,, rh S. 46°E. 


The Ist displacement of the last but one vibration, which occurred 


sec. after the start, was the absolute maximum: 0.067 min. toward 
., tO W. 


(v). 23.5 sec.: Motion small. 
T=1.13 sec, 2a=0.023 mm. [:. sfe=4,19 see, 2a =0-019anm, 


The subsequent motion was very small. 
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S7. Jan. 18th, 1914; 6.34.04 P.M. (Fig. 21.) The very Ist 
two quick displacements were entirely longitudinal, and respectively 
0.007 mm. outward from, and 0.015 mm. toward the Sakura-jima. 


The transverse component became distinct 3.0 sec. later than the 


longitudinal. 
Longit. Compt. Transv. Compt. 
Duration of prel. tremor,............ 3.6 sec. 3.6 sec. 
5 PENG. POrdOn. ya. <<-. CE aah Sate sa 
4 specially strong part,.... 30. _,, Dainese 
AVES he ee Re eee ae 99R"%, = 
Longitudinal Component. | Transverse Component. 


(i). Prel. Tremor: Duration=3.6 sec. 
T= 0.89 sec., 2a=0.015 mm. T=0.74 sec., 2a=0.0035 mm. 
Slow vibr., 24=0.027  ,, 


(ii). 7.6 see. 


T=2.24 sec., 2a=0.045 mm. Motion uniform and composed 
of 3 vibrations of /=2.35 sec., 
2a =0.022 mm. 
T=0.78 sec., 2a=0.013 mm. 


(iii) Max. Transverse Stage: Duration=9.1 sec. 
Motion regular : | Begins with the absolute max. 
T=1.32 sec., 2a2=0.039mm. | 24=0.06mm. directed toward 
S. 8° W., the simultaneous longit. 
component being zero. 
T=1.14 sec. 


(iv). Active Longitudinal Stage: Duration =5.6 sec. 


Motion regular: 7’=1.24 sec. Motion small: 
T=1.49 sec., 2a=0.03 mm. 
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The three successive displacements at the commencement of this portion 
were as follows :— 
Ist Displacement =0.052 mm., toward S. 36°H. 


rida We, O05 4, Ue Pe nmesews 
Ath . 0.052. 5, ae omnes eevee 


(v). 17.8 sec.: Motion smaller. 


T=0.93 sec., 2a=0.021 mm. T=1.11 sec., 2¢a=0.018 mm. 


(vi). Motion very small. 


| A |i sec: 


SS. Jan. 18th, 1914; 7.15.40 P.M. (Fig. 20.) Total duration= 
48 sec. 


Longit. Compt., Transv. Compt. 


‘Duration, of iprel. itemor hee 6.5 sec. 10.7 see. 
3 princ. “portion, es. a7. e 24.0 ,, 18.4 ,, 
Longitudinal Component. | Transverse Component. 
(i). 10.7 see. 
T=1.01 sec., 2a=0.034 mm. | P=0.74 see., 2a= 0.012 mm. 
(ii). 5.7 sec. 
Begins with the absolute max. Begins with a max. vibration 
displacement : of the two displacements :— 


Ist displ. =0.034 mm., 

toward N. 8°E. 
j2nd displ. =0.027 mm., 
| toward S. 8°W. 


The slow absolute max. vibr. 


0.051 mm. toward Sakura-jima, 


Corresponcdins 40.147. ah «arose acdenet 


occurred 13.0 sec. after the start :— 
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Longit. motion=0..5..%.7.. eee 1st displ. =0.042 mm.,—>S.8°W. 
‘; =0.043mm. outward|2nd displ. =0.043 mm., =N.8°E. 
The latter gives the resultant motion of 
2a—0.061 mm., toward N. 30°W. 
f=1.15 sec. | T=1.64 sec.; T=0.82 sec. 


(iii). 14.3 see. 

Motion regular and began with a max. vibration :— 
Ist Displacement=0.035 mm., toward S. 57°. 
2nd * ==0.046. 5, eNO) We 

L’=1,18 sec. | T=1.36 sec. 


The subsequent motion was small. 


S?. Jan. 21st, 1914; 2.19.57 P.M. (Fig. 16.) The very first 
displacement was 0.0013 mm., directed toward N. 77°E. The dis- 
turbance lasted 49 sec. and then ended abruptly. 


Longit. Compt. Transv. Compt. 


Dur. of prel. tremor,........ He ae Re 1.9 sec. 3.8 sec. 
+ UIE Coe OP MOUs tess Feds d iH WT oa id GS ie 
ef specially strong part, ...... 12.87, 12.0" 5; 
Longitudinal Component. Transverse Component. 


(i). Ist 7.5 sec. 


Motion small and slow :— Motion small, but distinct :— 
T=0.72 sec., 2a=0.013 mm. 


sec., 24a 26 mm T—1.28 Lee %a—0.015 ” 


(ii). 63 see. 
Motion was well-defined in both components, but more active in the 
transverse than in the longitudinal direction. The first vibration was 


entirely transverse and composed of the two displacements: Ist, 0.013 
mm. toward S. 5°W.; 2nd, 0.011 mm. toward N.5°R. ‘The next displace- 
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ment was 0.023 mm. toward 8.36°W. The 2nd displacement of the 
4th (transverse) vibration, occurring 10.4 sec. after the start, was the 
greatest transverse motion, of 2a=0.041 mm. Th's combined to the 
outward (longit.) displacement of 0.024 inm. gives the resultant of 0.047 
mm. toward N.22°W. 


(iii), Longit. Motion Stage: Duration=8.3 sec. 
Motion regular : 
T' =0.83 sec. 


Motion irregular and slow: 
T=1.32 sec.; T= 0.52 sec. 


Ist Displacement 0.035 mm. toward N.38°W. 

2nd he O038 5.4% = 5s ea eres 
The Ist displt. of the last vibration, occurring 20.8 sec. after the 
start, was the 2nd max. in this stage: 2«=0.029 mm. toward §.74°H. 


(iv) Last 11.8 sec.: Motion small and uniform. 
7=1.10 sec., 2a=0.017 mm. T=1.5T sec., 2a=0.012 mm. 
T=0.18 5,, 2¢=UAsgee 


90. Duration of the preliminary portion. The duration “of 
the introductory small motion in the diagrams of the different 


after-eruptions was as follows :— 


Longitudinal Component. Transverse Component. 

sec. sec. 

ES 2.8 

2.5 3.0 

2.5 3.5 

2.8 3.6 

AO de oe are 
3.2" 3.6 sec. 4.0 | 4.8 sec. 
3.6 4.1 

4.0 4.3 

4.1 5.5 

5.5 | 5.7 

6.5 } 6.3 
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The mean duration of the preliminary portion (=3.6 sec.) in the 
longitudinal component was about 2.0 sec. longer than the duration 
of the ordinary preliminary tremor (=1.6 sec.) corresponding to the 
distance of 11.8km. between the place of observation and the 
craterlet No. 2 on the eastern, or Nabe-yama, side of Sakura-jima, 
which was mest active in the days in question. This time difference 
ay be assumed to indicate the duration of the preparatory stage 
of the after-eruptions.- In the transverse component, the mean 
duration of the preliminary portion was 4.8 sec.. being 1.2 sec. 
longer than in the longitudinal component. 

91. Range of motion. The maximum range of motion, or 
double amplitude=2a, in either the longitudinal or the transverse 
component of the after-eruption movements on the successive days 


was as follows :— 


Date. Absolute maximum, 2u 
SEA ti ALCL SG Pe eal Sa 0.054 mm. 
ROAR tinge athtece Lh oc Bare 0.048 
EOP reee a eee | ee tle, ote eA 0.062 
pt eae eee ee te 0.055 
PBN ad los (le ae a 0.046 
eR AT ae! oo a GS, 0.055 
Aoud Path ng eas A oe. ses; 0.029 
Bot ime et. belo 3S 0.054 
COLE 2) eV Ra Ce EEN ee 0.032 


Thus, between the 16th and the 22nd the max. 2a was nearly 
constant and approximately equal to 0.05 mm. Between the 23rd 
and the 29th, it was smaller and about 0.03 mm. 

92. Difference in times of arrival of longitudinal and 
transverse vibrations. Distinct motion in the transverse compo- 
nent occurred, on the average, 3.9 sec. (=z) later than that in the 


longitudinal component, as follows :— 
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tT=2.5 sec. 3.0 Sec. 


2.6 4.0 
2.6 4.5 
2.7 4.8 
2.8 4.9 
3.0 5.0 
3.4 6.2 
6.5 
3.9 sec. 


93. Time of occurrence of maximum movements. In the 
earthquake motion due to an after-eruption observed in Kagoshima, 


the principal values of the average time interval between the com- 


TABLE XIX. TROMOMETER OBSERVATION IN KAGOSHIMA: TIME IN- 
TERVAL BETWEEN THE COMMENCEMENT AND THE OCCURRENCE 
OF THE MAXIMUM VIBRATION OR THE MOST ACTIVE POR- 

TION OF THE EARTHQUAKE MOTION DUE 
TO THE AFTER-BRUPTIONS. 


ee 


Longitudinal Component. Transverse Component. 
sec, sec. sec. sec. 
3.8 

Pah 1 8.4 \ 6.0 | Ment 
6.3 14.2 8.7 | 6.3) 6.2 
6.4 15.2 9.7 
7.0 15.4 | yan, 10.1 13.0 

15.8 Mean 
ToL 16.4 10.4 sae 

a] 13.8 

8.0 Mean, 165 10.5 t Mean, 14.7 ; 
a5 ( 2&2 17.5 10.5 { 11.0 
9.0 1 T7.5 10.6 
9.4 20,3 10.9 
9.9 20.8 Micra, 11.2 
10.7 ai4a{ 24 11.3 
10.9 21.4 11.6 
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mencement and the maximum vibration or the most active portion, 


were, according to Table XIX, as follows :— 


DONC Compt ete se ee ek .... 8.2 gec.: 15.8 sec. 
BE CeDG VER COTO br gar eae. Se ans so og Ol 


Thus the tst maximum motion occurred generally 11.0-8.2=2.8 
sec. earlier in the lengitudinal than in the transverse component. 
In the longitudinal component, the 1st maximum occurring 8.2 
sec. after the commencement was often followed by a 2nd maxi- 
mum about 8 sec. later on. 

$4. Direction of motion. The 1st distinct displacement in 
the earthquake motion due to the Sakura-jima after-eruptions was 
directed mostly toward to, or away from, the source of disturbance. 
‘Thus, of the 20 cases examined, the direction of the initial motion 
‘was as follows :— 


Toward the source of disturbance, ................000. 5 eases ; 
Away from % %5 ACHR ic bah Spates 1 bee eee 
Toward N. 77° E.; 8. 47° E.; ee Es Si is ae: Seal RS Se a each, 1 case. 


It is possible that, in some instances, the initial displacement was 
obliterated by the small tremors of the ground existing more or 
less in the days subsequent to the commencement of the erup- 
tion. 

The mean directions of the maximum displacements in the 
principal portion were, according to Table XX, as follows :— 


Joongitudinal Component, ...........00....... N. 70°°W Se. 70° Ei: 
PS Bhs ARE ee ne Nz 10° E.—S-e 10° W. 


Transverse 5 


‘These directions are approximately parallel and normal to the 
‘straight line connecting the craterlets on the two flanks of the 


-voleano. 
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Fig. 22. 'Tromometer Observation in Kagoshima of the Sakura-jima 


After-eruptions: Direction of the Maximum Vibration. 


(Different After-eruptions taken together ) 


N 


WwW 


65. Period of vibration. Tables XXI and XXII give lists of the 
vibration periods in the earthquake motion caused by the different 
after-eruptions. ‘The mean values of the periods most frequently 
occurring in the maximum phase of the longitudinal component 
wero 7:21.09 sec. and p:=2.22 sec. The period p, which is equal 
to 4xp:, was often found also in the parts preceding and following 
the maximum phase of the longitudinal component and in the 
maximum phase -of the transverse component. Other periods fre- 
quently occurring? in the latter motion were 0.71 sec. and 1.39 to. 


1.7 see. 
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TABLE XX. TROMOMETER OBSERVATION OF THE SAKURA-JIMA AFTER- 
ERUPTIONS IN KAGOSHIMA, JAN. 16TH—FEB. 8TH, 1914: DIRECTION 
OF THE MAXIMUM MOVEMENTS IN THE PRINCIPAL PORTION. 


Longitudinal Motion. Transverse Motion. 
N. 22° Ws 5. 36° E, INGO gE S. 57 W. 
NAS Ve S. 40° FE. Ne 82 i Ss. 8. W. 
N. 30° W. S. 4€° BE, N. 8° E. oe Wis 
N. 34° W. S. 48°s. S. 8° W 
N. 38° W. S. 57° E. se ttelet Nic 
N. 59° W. 8. 62° E. S. 36° W. 
N. 66° W. S. 74° E, : 
(ii) N.10°E.—S. 10°w. 

N, 75° W. S. 82°? E. 
N, 82° W. S. 86° E. 
Wi E, 
S. 8- VW. N. 82° E. 
S. 55° W. IN 70? Bi 

N. 60° E. 

N. 58° E. 


(i) IN. 70°W.—S. 70°E. 


Longit. Compt. Transy. Compt. 
sec. see. sec, sec. sec. Se. 
Dina Prac tetra tts f2 5 5 1.09; 1.55; 2.22 LOO iG 2S 


Parts preceding and fol- 
lowing the max. phase,.. 0.99; 1.58; 2.4 0.71 41395 2.0 


(The frequently occurring periods are prin ed in thick characters.) 
Comparison with the Asama-yama and the Usu-san observatvns. 
The mean values of the periods occurring in the earthquake motion 
caused by the recent Asama-yama eruptions tromometrically ob- 
served at several observing stations on the mountain slope and 
base, at the distance of 2.3 to 6.35 km. from the centre of the 


crater, were as follows* :— 


* See the Bulletin, Vol. VII, No. 1. 
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TABLE XXI,. AFTER-ERUPTIONS OBSERVED IN KAGOSHIMA : 
PERIOD OF VIBRATION. 


(Directly measured from the original tromometer diagrams.) 


Longitudinal Component. Transverse Component. 
Max. Phase. “retlowing the Max. Phase. “following the 
0.70 sec. 1.52 sec. 0.60 sec. 0.57 sec. 1.35 see. 0.44 sec. 
0.77 ASG 0.78 0.58 1.40 0.61 
0.85 1.55 0.80 0.66 1.40 0.66 
0.90 0.90 0.67 1.56 0.73 
0.90 1.90 ye 0.68 1.60 0.73 
0.9) 1.90 1.20 0.70 170 >e 0.73 
0.91 2.05 1.25 | 0.73 1.77 088 
091 210 0.92 0.75 1.80 0.68 
9.92 2.40 0.77 180 
0.94 2.60 2.50 080 1.805" One 1.97 
0.97 2.60 2.60 0.80 1.90 . 1.40 
1.02 2.22 2.55 0.83 1.95 ioe 
1.03 0 86 _2.00 
1.03 0.86 47 21 
1.03 0.88 23 
1.03 0.88 2.24 9.4 
1.04 0.89 2.50 pow 
1.04 0.90 2.60 
1.04 0.91 2.4 
1.07 0.91 
1.10 i 0.91 
1.11 0.92 
1.13 0.98 
1.16 1.¢0 

"116 7 1.00 
1.20 1 02 
1.20 1.03 
1.24 1.10 
1.25 . 1.10 
1.26 1.14 
1.26 1.15 
1.28 1.18 
1.30 1.20 

1.33 — 1.20 
1.06 . 1.21 
1.24 

0.92 


LS SSS SSS SSS = 


The Sakurai-jima Eruptions and Earthquakes, Y. 439: 


(a) 4,9 sec, (a) 0.85 sec. 
(b) 2.3 » (ec) 037 ,, 
(c) 1.25 


Of the five groups the most frequently occurring period were (d) 
and (c), and then (b). Again, the mean values of the periods 
existing in the micro-tremor motion observed at the time of the 
Usu-san eruption, July—Aug., 1910, in the immediate vicinity of 
the craterlets, were four-fold as follows* :— 


(b’) 2.14 sec. (d’) 1.08 sec. 
(’) 1.59 » (e’) 0.53 


TABLE XXII. AFTER-ERUPTIONS OBSERVED IN KAGOSHIMA : 
FERIOD OF VIBRATION. 


(Mensured from the photographic enlargements ) 


Longitudinal Component. Transverse Component. 


; Parts preceding and follow- Parts preceding and follow- 
Max. Phase. ing the Max. Phase. Max. Phase. ing the Max. Phase. 


0.83. sec. 0.89 sec. 1.58 sec. 0.96 sec. 0.52sec. 1.11 sec. 
1.13 0.93 110 0.72 1.19 
1.20 0.93 2.15 1.10 0.74 1.28 
"1.20 1.01 2.24 1.14 0.74 1,36 
124 1.01 22 4.08 0.76 1.49 
1AZ 1.01 0.78 1.59 
1.05 1.64 ~ 0.78 1.70 
106 21 0.84 4.39 
1.10 1.9 0.90 
1.13 0.75 2.10 
1.15 2.35 
1.32 2.2 


1.05 


* See the Bulletin, Vol. V, No. 1, 
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b’, ¢’, d’, and e’ are not widely different respectively from the 
periods b, ec, d, and e, characterizing the Asama-yama eruptions. 

The periods prevailing in the motion of the Sakura-jima after- 
eruptions observed in Kagoshima were approximately equal to those 
found at the Asama-yama and Usu-san. In the case of the ob- 
servations at the two latter places, the vibration periods in the 
eruptive earthquakes and in the volcanic micro-tremors were found 
to be essentially identical with the slower periods existing in the 
motion of ordinary earthquakes. A similar relation seems to 


exist also in the Kagoshima observations. 


CHAPTER VI. TROMOMETER OBSERVATION AT FRUSATO 
OF THE SAKURA-JIMA AFTER-ERUPTIONS. 


96. Tromometer observation at Frusate. The portable hori- 
zontal pendulum tromometer, of the pointer magnification =200, 
used in Kagoshima since Jan. 16th, 1914, (§ 30), was taken on 
Feb. 9th to Sakura-jima and set up at the village of Frusato, 3.8 
km. to the 8. 45° W. from the centre of the craterlet-zone on the 
S.E. side of the voleano. The two horizontal pointers of the tromo- 
meter were oriented so as to register respectively the motion radial 
and the motion transverse to the mean origin of the disturbance ; 
the proper pendulum period being 4.5 sec. for each component. 

The first series of the tromometcr observation at Frusato ex- 
tended for 112 days from Feb. 9th to May 31st, 1914. The lower 
craterlets on the S.E., or Nabe-yama, side maintained active out- 
bursts for the several succeeding months; causing in the Autumn 
next, amongst the others, a serious damage to the rice crop in the 


vicinity of Kagoshima. At the request of the governor of the 
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Kagoshima prefecture, who was anxious to know the probable 
course of the variation in the amount of the precipitation of the 
injurious ashes, the tromometer observation at Frusato was resum- 
ed on Oct. 24th, 1914 and continued for the 79 days till January 
10th, 1915; the object being to determine the rate with which the 
after-eruptions decreased in frequency and intensity. The work of ° 
the observation was carried on by my assistant, Mr. H. Krosaka, 
and by Messres. Atsumi, Ando, Matsuda, and Hirase, of the Kago- 
shima meteorological observatory. Tables XXV and XXVI give the 
daily numbers of the after-cruptions and earthquakes registered 
at Frusato during the two series of the observation. 

97. Daily frequency of “larger’”* after-eruptions. The daily 
number of the ‘larger’ disturbances was 124 on Feb. 10th; 87 to 
50, with the mean of 71, between the 11th and the 13th; 22 to 
16, with the mean of 19.3, between the 14th and the 16th; and 
13 to 5, with the mean of 7.3, between the 17th and the 26th; 
being in the subsequent days much smaller and less than 4, except 
on March 8th and 29th, whose frequency were respectively 9 and 5. 

The marked decrease in the frequency on and after the 14th 
(February) might be due partly to the occurrence of the Iwo-jima 
earthquake on the preceding day, the 13th; just in the same way 
as the recent explosive activity of the Kirishima-yama, Nov. 1913 
to Jan. 8th, 1914, was brought to an end by the last great erup- 
tion of the Sakura-jima. 

The frequent occurrence of the “larger” after-eruptions ended 
in the Kagoshima observation with Jan. 27th, and in the Frusato 
observation practically with Feb. 16th, or respectively 15 and 35 
days after the commencement of the eruptions on Jan. 12th, cor- 
responding probably to the marked reduction of the eruptive 


* For the definition of large and small disturbances, see the Bulletin, Vol. VIII, p. 26. 
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activity of the western, or Yokoyama, side and the eastern, or 
Nabe-yama, side craterlet groups. 

98. Comparison of frequencies of larger after-eruptions re- — 
gistered at Kagoshima and Frusato. In the following list are 
given the 2-daily numbers of the larger after-eruptions tromome- 


trically registered at Kagoshima and Frusato. 


Kagoshima. Frusato. 
Number of Number of 
Days. Eruptions. Days. Eruptions. 

Jan. 17-18 120 Feb. 10-11 211 
19-20 139 12-13 124 
21-22 66 14-15 42 
23-24. 74. Theat 22 
25-26 65 18-19 23 
27-28 49 20-21 12 
29-30 18 22-23 11 
31-Feb. 1 11 24-25 13 
Feb. 2-3 6 26-27 11 
4-5 0 28-March 1 4 
6-7 3 March 2- 3 3 
A- 5 1 
6— 7 5 
8- 9 13 

10-11 

12-13 

14-15 

16-17 

18-19 


bo 
i 
bo 
peat 
Be OPRPON WrFoOoCoN > 
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In Kagoshima, the two-daily frequency decreased from 120 or 
139 to 49 in the course of about 10 or 11 days between 17th—-18th 
to 27th-28th in January, while at Frusato it decreased from 211 
to 42 in the course. of only about 5 days between 10th-11th to 
14th-15th in February. 


Fig. 24. Comparison of the 2-daily After-eruption Frequency at . 


Frusato with that at Kagoshima. 


®), 


Frusato, 


(K), 


Kagoshima, 


The numerals 1, 2, 3....0n the abscissa axis correspond to the successive 2-days 
intervals in the list on p. 442. 


As graphically shown in fig. 23, the time relation of the 
frequency of the after-eruptions “was not quite regular in the 
Kagoshima observation, which was made between Jan. 16th and 
Feb. 8th. This might be due to the fact that in the case under 


consideration the tremor-recorder registered the eruptions from the 
western. or Yokoyama, side group of the craterlets as well as those 
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from the eastern, or Nabe-yama side, craterlets. As the two 
different eruption centres exhibited maximum activity at different, 
and probably alternating, moments, the variation of the total eruption 
frequency: would naturally be not one of a simple decrease. On 
the other hand, in the case of the Frusato observations, made 
since Feb. 9th, the eruptions registered were entirely those originat- 
ing from the Nabe-yama side craterlets, quite close to the seismo- 
graph station, the craterlets on the west end of the island having 
then already been reduced to rest. Consequently the time relation 
of the eruption frequency found at Frusato was quite simple, being 
approximately one of rectangular hyperbola. 

39. Decrease rate ofthe frequency of larger after-eruptions. 
The relation between the time (#) and the daily frequency (y) of 
the ‘larger volcanic disturbances” for the earlier portion of the 
observations at Frusato can very nearly be represented by the 
equation 

log ¥=2.09962—0.14187 @ ............. (1) 

in which w=0 denotes the 10th of Feb., 1914. The actual and 
calculated values of the frequency for «=0 to 9 are indicated in 


the following table :— 
Date Calculated 


(Feb. 1914) Actual. (Equation 1}. 
(OME “Oe 24 es ee y=126 
11th 1 87 91 
12th 9 7A 65 
13th 3 50 | AT 
14th. 4 29 ieee 
15th 5 7A BAC ee gas Sar enet 25 
16th 6 a 
17th 7 3 
18th 8 OR erive h 9 
19th 9 =a 
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If we, however, consider the variation of the number (=y) of 
the eruptions during the successive 10-day intervals (=x whose 
0 corresponds to Feb. 10th to 19th, 1914), the rectangular hyperbola 
equation 


56.77 (2) 


Ue= ee ra area eR OX aes 
V+ 0.187 


is found to express the mutual relation. with a fair accuracy, as 


follows :— 
v 10-Diys Interval. y, actual. ¥, calculated. 
(1911.) 

0) Feb. 10th-Feb. 19th. 422 » 415 

,»  20th-March Ist. 51 50 
2 March 2nd— ,, 11th. 26 

Mean, 

3 emi einiets 21st. 6217.3 18.1 
4 » zend— ,, dist. 20 
4 ae a As sii 
5 April Ist-April 10th: cae f 
6 eel ithe (220th. 12} +93 9.2 
it an Ste, 30th. fé 


100. Comparison with Usu-san eruption. (See fig. 24.) In 
the case of the Usu-san eruption of 1910, the tremor-recorder 
observation made at Nishi-Monbets between July 31st and Aug. 
6th, 1910, has given, for the dccrease of the number of the 


volcanic outbursts, the following relation :* 
lozeY = 0.8691 —0.1152 B00 0 bt eee ce (2) 


in which y is the mean hourly frequency of the volcanic distur- 


bances during the 24-hour time a, whose origin corresponds to 


* The Bulletin, Vol. V., No. 1, p,33, Equation (3), for which y is the mean hourly (not the 
24-hourly, as by misprint has been put there) frequency of the eruptions during the 24 hours 
denoted by w. 

On Aug. 3rd, the observation is wanting for the 6 hours between 2 and 8 a.m, the daily 
frequency of 73, enclosed in brackets, being 4 of the number of the disturbances recorded during 
the remaining hours of the day, namely, 55. 


AAG - EOnmortc=—= 


the interval from noon, July 31st, to noon, Aug. Ist, or about 6 
complete days after the commencement of the eruptions. 


The actual and calculated values of the frequency y are as 


follows :— 
Date 
(Aug. 1910). Ho 24 x Y actual. 24 x ¥ calculated (Eq. 2). 

Ist 0.5 151 155.5 
2nd 1.5 121 119.2 
ord 2.5 55 (73) 91.5 
4th 3.5 67 70.2 
5th 4.5 57 53.8 


Fig 24. Comparison of the Daily Eruption Frequency at Frusato 
with that at Nishi-Monbets. 


LW 


AT 


100; 


50 


4 2 3 ye Sy 6 7. é 
F,...Sakura-jima After-eruptions (1914) observed at Frusato. 
M....Usu-san (Hokkaido) Outbursts in 1910, observed at Nishi-Monbets. 
The successive 24-hourly values of the eruption frequency. . ...)i2de 
73; 67; and 57 forw=1.5; 2.5; 3.5; 4.5;.... for Nishi-Monbets, 
are nearly equal to those of the daily frequency’ for’ a= 0jwalyeo ee 
for the Sakura-jima, namely, 124; 87; 74; 50; .. ; the coefficient 
of the a in Equation (2) for the former place, being about 0.12, 
which is not much different from that. for the latter. 
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101. “ Small”* after-eruptions. (See Table XXV and figs. 25 
and 26.) Up to the 15th of February the small disturbances occurred 
so close to each other that it was impossible to count their number. 
For the next 6 weeks or so the individual disturbances could be 
distinguished more or less definitely; these being, however, very 
often confused by the volcanic micro-tremors (or oscillations) of 
fairly good size, which existed continuously. In this way the 
numbers of the small eruptions between Feb: 16th and the end of 
March (1914) given in Table XXV are to be regarded as giving 
only the roughly approximate values of the frequency of the 
comparatively well-defined small eruptions. Subsequently the motion 
of the ground was much reduced so that even very small distur- 
bances could be counted with a tolerable degree of accuracy. This 
accounts partly for a marked frequency increase at the commence- 

ment of April. 

According to Table XXV, the maximum daily number of the 
small disturbances was about 670, which corresponds to an average 
rate of one eruption in every 2 minutes. It was only after April 
27th, that the daily frequency was reduced to about, or below, 100. 
From the graphical representation in fig. 25 it can be seen that the 
first maximum daily frequency (=486) took place on March 13th, 
the second (absolute) maximum (=672) on April 12th, and the 
third maximum (=204) on May 12th. It is interesting that these 
three days corresponded to a high-tide epoch in the Kagoshima 
bay, the moon having been full on the respective preceding days, 
namely, March 12th, April 11th, and May 10th. The final steady 
decrease of the eruptive activity seems to have began from April 
12th, or three months after the first eruption on Jan. 12th. 


* See the Bulletin, Vol. VIII, No. 1, p. 26. 
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TABLE XXIII. 3-DAILY FREQUENCY VARIATION OF THE SAKURA-JIMA 
AFTER-ERUPTIONS TROMOMETRICALLY REGISTERED 
AT FRUSATO. FEB-MAY, 1914. 
——— a iT TL 


3-day Number of Eruptions. 3-day Number of Eruptions. 
Interval. _ Larger. Smaller. Interval. Larger. Smaller. 
Month, Days | | Month, Days 
I, 16-18 443 82 IV, 11-13 1456 2 
19-21 384 25 14-16 1068 5 
22-24 296 te | 17-19 1161 3 
25-27 286 18 | 20-22 783 3 
9830 317 6 23-25 551 2 
III, 3-5 392 2 26-28 390 2 
6-8 478 it 29-1 327 2 
9-11 938 8 ay et 230 2 
12-14 1133 2 | 5-7 272 3 
15-17 743 0 | 8-10 246 2 
18-20 672 rh | 11-13 462 2 
21-23 621 5 14-16 435 6 
24-26 642 9 17-19 438 1 
27-29 760 8 20-22 544 5 
30-1 972 1 23-25 528 9 
nye 2-4 1423 : 0 26-28 339 3 
5-7 1492 oak 29-31 103 6 
8-10 1237 5 | 


| 

102. Comparison with “larger” after-eruptions. The 3-daily 
numbers! of the Jarge and small disturbances, between Feb. 16th 
and May 31st, are indicated in Table XXUI, t'.e graphical illustration 
being given in fig. 27. From the latter, it will be observed that. 
the two categories of the eruptions have a tendency of occurring 
in a symmetrical opposition. In Table XXIV, the 10-daily frequency 
variation of the larger after-eruptions is compared to that of the 


smailer.~ (See fig. 28.) 
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TABLE XXIV. 10-DAILY FREQUENCY VARIATION OF THE SAKURA-JIMA 
AFTER-ERUPTIONS TROMOMETRICALLY REGISTERED AT 
FRUSATO. FEB. 10TH, 1914 TO JAN. 10TH, 1915. 
a 


Number of After-eruptions. 


10-day Interval. 


Larger. Smaller. 
Feb. 10 — Feb. 19, 1914 422 ( a 
3 20 — March 1, ,, dL 1027 
March 2— ,, Te, 26 1OLT 
| OE a ee 6 2775 
Me tes e's BT 20 2373 
April 1 — April 10, ,, 9 4547 
eee te OR) 12 4136 
eels a . 7 1486 
May 1— May 10, , | 7 862 
ee kl oe One y 1441 
et Tine | hee 23 1368 
Oct. 24 — Nov. Dee "6 98 
Nov. BY “tcc PVE I yee 3 81 
sompegg EO as sal Ay, 5 4 32 
” 23 — Dee. Di 8 107 
Dec. 3— ,, 125, 0 30 
» doe 22, a 64 
eee ae, 1915 3 250 
Jeng tease IOS & ¢ 33 
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103. Earthquake frequency. ‘The non-eruptive voleanic 
earthquakes were extremely few, there being only 10 between Feb. 
15th and March 29th; while there was none of these after the 
latter date. It seems that the frequent occurrence of the earth- 


quakes practically ended on Feb. 15th. 


Fig. 27. Comparison of the 3-daily F requencies of the Larger and 
Smaller Sakura-jima After-eruptions observed at 
Frusato. 
Feb. 16th—18th....May, 29th—31st, 1914. 
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TABLE XXV. DAILY NUMBERS OF THE SAKURA-J IMA AFTER-ERUPTIONS 
AND EARTHQUAKES TROMOMETRICALLY REGISTERED AT 


FRUSATO, FEB. 9TH—MAY 315T, 1914. 


Daily Number of After-eruptions. | Volcanic Earthquakes 


Date. (1914.) not accompanied 
Larger. Smaller. by outbursts. 

February, 90 6 (Continuous.) — 

10 124 ante ts 1 (unfelt.) 

11 87 2 ioe 

12 74 » i 

13 50 Ps 1@ 

14 22 : g@) 

15 20 ” == 

16 16 156 —s 

17 6 125 1 

18 : 10 152 — 

19 13 117 —_ 

20 5 104 a 

21 7 133 _ 

22 6 88 a, 

23 5 104 — 

24 6 104 — 

25 7 81 ao 

26 8 119 Be 

27 3 86 — 

28 2 130 not 
March, 1 2 78 — 

2 2 109 1 

3 il 112 — 

4 -— 122 = 


(1) Registration commenced fiom 11°13 P.M. 

(2) Earthquake of Iwo-jima. 

(3) Of these 8, three were of moderate intensity, three were slight, one wa3 unfel', and 
the remaining one was of the Iw-jima origin. 
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Daily Number of After-eruptions. | Volcanic Earthquakes 
Date. (1914.) not accompanied 
hey Larger. Smaller. by outbursts. 

March, 5 1 158 2 
6 il 78 — 

7 4 151 a 

8 9 249 — 

a 4 211 2 

10 3 381 — 

De 1 346 a 

12 il 17 — 

13 a 486 1 

14 — 370 — 

15 — 265 — 

16 — 236 1 

17 — 242 — 

18 de 285 -- 

19 — 214 — 

20 _ 173 _ 

21 3 227 oa 

22 1 137 a 

23 1 197 _— 

24 4 144 — 

25 4 268 a 

26 L 230 —_ 

27 3 263 = 

28 —— 367 —- 

29 5 130 2 

30 1 237 a 

31 — 340 = 
April, al — 395 = 
2 — 358* -—— 


* Almost continuous, 
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a EEEEERESESESINY SasiEnISRSSnENSmn nna ann 


Daily Number of After-eruptions. | Volcanic Earthquakes 
not accompanied 


Date. (1914.) 


Larger. Smaller. by outbursts. 

April, 3 = 631* es 
4 = 434* ae 
Bt 1 304 (332)* = 
6+ 1 425 (638)* a 
7 2 BQQ* . = 
8 2 362* a 
9 2 400* aE 
10 1 475* <2 
tt 1 532* ay 
12+ 1 636 (672)* ig 
13+ 0 176 (252)* a! 
14 2 305* fe 
ie 2 390% e 
16 ‘| 373* we 
17 0 3Be7* oie 
18 2 397 Ns 
19 1 377 =a 
207 2 428 (451)* = 
21} 1 189 (203)* = 
22 0 129 =a 
23 1 237 Bs 
24 1 157 = 
25 0 157 2 
26 i 187 a 
27 0 128 es 
28 1 15 2 
29 2 110 mS 
30 0 103 ae 
May, 1 0 110 (414) 2% 


+ See foot-note on next page. 
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_| Daily Number of After-eruptions. | Volcanic Earthquakes 
Date. (1914.) not accompanied 
Larger. Smaller. by outbursts 
May, 2 0 73 fee 
3t 1 "45 (49)t oe 
4 1 108 = 
5 0 iT = 
6 1 97 Es 
7 2 98 oa 
8 0 74 = 
9 2 89 — 
10 0 83 ae 
11 = 115 Le 
12 1 204 — 
13 1 135 (143) = 
14+ 3 123 (153) _ 
15 3 136 — 
16 — 146 —_— 
17 1 192 — 
18 — 160 _— 
19 a, 86 *S; 
20 a ‘ 106 — 
21 2 164 = 
22 3 274 = 
23 2 147 = 
24 1 120 = 
25 6 
26 ali 
27 
28 
29 
30 
31 


+ Observation wanting for some time interval. The approximate daily frequency (enclosed 
in brackets) have been deduced by proportion from the actual observed value. 
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TABLE XXVI. DAILY NUMBER OF THE SAKURA-JIMA DETONATIONS 
AKD APTER-ERUPTIONS TROMOMETRICALLY REGISTERED AT 
FRUSATO. OCT. 24TH, 1914 TO JAN. 10TH, 1915. 


Doky Nomtes oF [Daly Numb of | volo artes 
Date. not accompanied 
Strong. | Feeble. |. Larger. | Smaller. by outbursts. 
1914 
October 24 1 0 4 
25 9 0 8 2 
26 3 1 27 3 
27 3 0 30 2 
28 0 i 2 
29 0 0 1 1 (sensible) 
30 al 2 4 
31 1 1 6 
November 1 2 0 8 
2 2 2 8 
3 5 al 8 
4 2 1 7 1 
5 4 0 8 
6 3 0 10 
7 5 1 nuit 
8 2 — 14 
9 0 — 12 
10 2 1 4 
11 5 al is 
12 0 _ 2 
13 1 — 3 
14 at 1 7 
15 0 fie 2 
16 1 1 nom 3 
ya 10 ili sag 6 
18 2 4 1 Hs 


Date. 


1914 
November 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


December 1 


COCO i Cp Ct he Col bo 


Se ey ene 
DOU we Coe Do nS 
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Daily Number of 
Detonations. 


Daily Number of 
After-eruptions. 


Strong. | Feeble. 


2 7 
0 2 
6 5 
10 3 
10 3 
6 2 
0 3 
2 3 
1 3 
1 1 
1 1 
0 5 
0 1 
0 1 
0 2 
0 1 
3 3 
2 10 
1) 3 
0 3 
0 2 
0 2 
2 | 2 
0 3 
2 14 
1) 1 
0 3 
1 8 


‘Larger. 


ey 


ee 


= 


Smaller. 


i 


eS pw 
~~ © 


Greco et meerbt pa CO BS BS) BO) Or ke Ce 


Voleanic Earthquakes 
not accompanied 
by outbursts. 
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Date. 


1914 


December 


1915 


January 


ale 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
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Daily Number of 
Detonations. 


Strong. | Feeble. 


0 3 
1 8 
0 9 
0 i 
0 1 
1 4 
1 5 
3 8 
2 6 
5 6 
3 3 
0 af 
0 1 
0 tH) 
1 
0 1 
0 6 
11 4 
0 5 
6 2 
3 2 
1 1 
1 1 
i 1 


’ Daily Number of 
After-eruptions. 


Larger. 


Smaller. 


Volcanic Earthquakes 
not accompanied 
by outbursts. 


TABLE XXVII. 


tomneo, ssl 6) Ot we Co) RO 


) i) Ce CE Cin) ae ere ey Te ee te 
BoB BON Re te be i Ot CO Fe ea eo aie 


30 
31 
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64.85 


FEB. TO MAY, 1914. 
(Reduced to See-level and Standard Gravity ) 


700 mm. + 
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MEAN DAILY BAROMETRIC PRESSURE IN KACOS: IMA, 


TIL, IV, v, xs xe XI, T 
i914. | 1914. | 1914. °|' 1914-1 1914 |- 1914. | 1925. 
mm. mm. mm, mm. mm mm. mm. 
65.72 | 61.08; 6232) 5878] 70.01 | 65.34] 66.99 
5747 | 56.03| 61.13| 6452] 70.37) 63.67] 66.24 
6211 | 61.19| 6435| 6619] 67.32) 6511 | 66.77 
63.70 | 6177| 6583) 65.30| 62.76 | 63.67| 69.41 
63.35 | 62.81| 63.02) 64.06] 61.71) 6264] 69.34 
56.71 | 6312] 6162| 6369| 6392] 6280| 67.82 
5851 |  60,.03| 59.81 | 60.90| 66.73 |  66.04| 57.97 
60.65 | 61.20|  60.40| 6069) 67.29| 6859] 60.02 
59.51 | 65.52| 59.50| 62.58| 63.53 69.45 | 67.16 
61.96 | 65.22| 5817| 6266| 65.42) 68.20) 65.39 
59.94 | 63.01| 6367| 60.99| 68.75) 65.60] 60.00 
59.67 | 62.05| 58.43| 6255 | 66.38 | 6291] 64.00 
5817 | 56.63} 59.67| 6470| 64.89 | 65.60] 68.39 
60.73 |. 56.88 | -57.40] 6564] 61.48 | 64.60| 71.01 
67.60 | 60.62]. 5633| 66.05] 6311 | 63.21] 72.26 
69.25 | 5891| -57.04| 67.01| 65.87] 6583] 69.36 
6696 | 6290| 60.35| 6712) 6449] €614| 70.46 
65.78 | 67.03| 6252| 64.59) 61.25] 66.06) 70.98 
69.58 | 66.28} 60.09| +259) 6231 | 67.06} 64.14 
6635 | 6140) 5511| 6196] 59.34] 65.49] 61.75 
6107 | 6241 | 6660) 6663| 6116] 6461] 67.46 
6175 | 61.70| 6390] 67.50| 65.08] 5649] 66.54 
58.60 | 58.15| 61.61) 6842] 66.55] 60.52] 67.04 
5767 | 5621 | 5814| 67.67] 6234] 6811] 69.87 
62.32 | 57371 6339| 6457] 65.09 | 67.07) 71.51 
66.22 | 60.38] 6536} 6467; 66.34) 65.20] 71.12 
WoL) 8621) 6241) 4431 67.35 |  71.01,| ~ 66.42 
7093 | 3690| 5840| 63.27| 70.30] 71.70| 60.75 
67.59 | 62.37| 5486] 6168] 69.24) 70.06) 68.60 
58.61 | 64.39 | 57.95| 61.99] °6759| 69.15 | 70.52 
60.67 60.44 | 67.10 67.59 | 65.20 
6292 | 60.98| 60.00} 64.21 | 65.27] 65.82] 67.02 
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CHAPTER VII. BAROGRAPH OBSERVATION AT FRUSATO 
OF THE SAKURA-JIMA AFTER-EXPLOSIONS. 


104. Open barograph record of Sakura-jima explosions. 
The observation of the air disturbances caused by the Sakura-jima 
after-explosions was carried on at Frusato on the 12th to 15th, 
Feb., 1914, by means of a Richard’s barograph adapted to the 
smoked paper registration in the same way as had been tried in 
1913 at the Yuno-taira seismological station on the Asama-yama*. 
In this way, well defined open time-scale barograms were obtained 
on Feb. 14th and 15th as follows: 


(i) Feb. 14th, 1914, at 11. 58. 45 am. 
(ii) 7 x i I... 36. 53° P.M. 
Gijo b 4 a me 10. 40. 53 p.m. 
GV), Taw kere 5 -, 0. 41. 34 a.m. 


The explosions on these occasions proceeded from the craterlet 
No. 2 on the eastern, or Nabe-yama, side of the Sakura-jima, 
which was then in full activity. The source of disturbance was 
situated 3500 metres to the N. 35° E. of the observing place at 
Frusato. The magnified diagrams are reproduced in figs. 30,31 
and 31. 

105. After-eruption of Feb. Wath, 1914, at 11.58.45 AM. The 
barometric disturbance was small and composed of an increase of 
0.87 mm. (duration=about 0.44 sec.) and the counter change of 
1.06mm. (duration=about 1.1 sec.); the pressure being gradually 
brought back to the original height in the course of the next 3.6 sec. 
Total duration=15 sec. 


* See the Bulletin, Vol. VII, No. I. 
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106. After-eruption of Feb. t4Ath, 1914, at 1.30.53 P.M. The 
principal oscillation of the barometric disturbance was 2.1 sec. in 
period and consisted of a sudden pressure increase of 2.6 mm., fol- 
lowed by the counter change of 3.5 mm. ; resulting in the reduction 
of the pressure by the amount of 0.8mm. below ‘the equilibrium 
condition. The next displucement of 0.85 mm. practically brought 
the disturbance to end, the three first muvements together lasting 
3.1 sec. -For the subsequent 17 sec., there were very small traces. 
of air vibrations of 7’=3.5 sec., mixed with those of about half 
period. Total duration=20 sec. 

This barometric disturbance was produced by an outburst from 
the Nabe-yama craterlet, whose earthquake motion was tromometri- 
cally observed at Frusato, as described next. 

Tromometer diagram. The earthquake motion, whose prelimi- 
nary portion was confused by micro-tremors, began at 1.30.44 p.m. 
or 9 sec. before the arrival of the barometric disturbance. The 
Ist displacement was 0.038mm. (duration=1.34 sec.) directed 
toward the crater. The co-existing transverse motion of 0.016 mm. 
is to be regarded as belonging to the micro-tremors. The counter, 
or outward, longitudinal motion of 0.085 mm. (duration=1.9 sec.) 
corresponded approximately to the two transverse displacements of 
0.050 and 0.112 mm. which together formed a vibration of T= 
2.45 sec. The next vibration, of 7’=2.67 sec:, was composed of the 
following two displacements. (1), 0.188 mm. toward the crater, 
0.144 mm. toward the 8.E. (absolute maximum in the transverse 
component) ; resultant 2a=0.20 mm: toward the E. (2), 0.066 mm. 
away from the crater, 0.091 mm. toward the N.W.; resultant. 
2a=0.113 mm. toward W.9°N. The motion continued large further 
for 7.9 sec. in the longitudinal and for 4.0 sec. in the transverse 


component ; the absolute maximum vibration in the former direction 
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being 2a=about 0.204 mm., 7=2.64 sec., which occurred 7.3 sec. 
after the commencement. From about 10.1 sec. after the same time: 
moment there appeared, both in the longitudinal and the transverse | 
components, quick vibrations of Y=about 0.7 sec., max. 2a= 
0.047 mm. in each direction. Total duration=60 see. approx. | 
The micro-pulsatory vibrations or micro-tremors, which existed 


about the time of the after-cruption in question, were as follows :— 


Longitudinal Component. ‘Transverse Component. 

sec, 

0.85 (2a=0.02 mm.) 0.89 (max. 2a=0.01 mm.) 
0.93 0.96 


1.80 (max. 2a=0.921 mm.) 
1.28 (2a-=0.016 mm.) 


1°90)5/ 9 = 0.013 ” ) 
2.50 1415) ( 5° 0. 000 
2.30 (2a=0.036 mm.) 2.20... 0 ee002aaemee 


2.28 

107. After-eruption of Feb. 14th, 1914, at 10.40.53 P.M. The 
initial and principal vibration of the barometric disturbance was 
made up of an increase of 2.2 mm. (duration=about 0.59 sec.), 
followed by the counter change of 2.9 mm. (duration = about 
1.5 sec.). The pressure was gradually restored to the original 
condition in the course of the next 3.9 sec., very slight movements 
continuing for further 8 sec. Total duration=14 sec. 

108. After-eruption of Feb. 15th, 1914, at 41.34 a.M. The 
barometric disturbance was comparatively large and began with a 
sudden pressure increase of 5.95 mm., about 0.45 sec. in duration. 
The counter motion of 6.85 mm. about 1.6 sec. in duration, was mix- 
ed.up with the smaller and quicker vibrations about 0.45 sec. in — 
period. The 3rd displacement of 0.9 mm. brought back the baro- 
metric pressure to the level before the disturbance, which so far 


lasted 2.8sec. Daring the next 20sec., there were very slight 


PI LOOOeVr 


Fig. 29. Barograph Observation at Frusato of the Sakura-jima After-eruption 
on Feb, 15th, 1914, 0. 41. 34. A. M. Magnification = 28. 
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Open 'Time-scale Barograph Observation at Frusato of the Sakura-jima After-eruptions. 


Magnification = 18. 


Fig. 30. 
Feb. 14th, 1914; 
1. 30. 53. P.M. 


rg. Sl. 
Feb. 14th, 1914; 
10. 40. 53. P. M. 
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tracess of 7=2.1 sec. (?) mixed with quicker ones. Total duration 
= 23 sec. 


TABLE XXVIII. BAROGRAPH OBSERVATION OF THE SAKURA-JIMA 
AFTER-ERUPTIONS AT FRUSATO, COMPARED TO THAT OF THE 
ASAMA-YAMA EXPLOSIONS OBSERVED AT YUNO-TAIRA. 


Principal Barometric 


he, Oscillation, Duration of 
Date of Ist: Displt.: isplt.: 
. : Displt.: | 2nd Displt.: - Total 
Occurrence, Pressure Pressure a ane Ue ne. | Disturb- 
; Displt. | Displt. | Portion. 
Increase. Decrease. ance. 


Sakura-jima. 


Feb, 14, 1914. | 11.58.45 a.w. || 0.87 mm. 1.06 mm. 0.44 see. | 1.10sec. | 3.6 sec, | 15. sec. 
Yi 1.30.53 p.m. || 26 3.5 (2.1 sec.) 3.1 20 
. 10.40.53 p.m, || 22 2.9 0.59 13 39 14 
Feb. 15,1914.| 0.41.34 a.m, || 5.95 6.85 0.45 1.6 en | yal aye: 
Mean 0.49 sec. | 1.3 sec. | 3.4sec. | 18 sec. 


Asama-yama. 


Aug. 12, 1913, 7. 45 P.M. 2.8 mm. 3.2 mm. (2.7 sec.) 7.1 see, 
10. 20 p.m, Li mms |e13 mine 
May 5, 1914. 0. 33 AM, 6.4 7.0 (2.3 ,, ) PE 


mr 


109. Summary. ‘The barometric effect of the explosion con- 
sisted in each case mainly in the production of a single compres- 
sional oscillation, whose average period was 1.9 sec., and which 
was composed of the Ist displacement, or the pressure inercase, 
and the 2nd displacement, or the pressure decrease. The latter was 
greater than the former in the mean ratio of 1.3 to 1. (Sce Table 
XXVIIL) Further, the semi-periods or durations corresponding to 
the two displacements were unequal, the respective average values 


being 0.49sec. and 1.3sec. The duration of the Ist pressure 
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increase may probably be taken as giving approximately the dura- 
tion of the explosive action at the craterlet itself, the strong 
detonative outburst thus lasting about }sec. The duration of the 
2nd displacement or pressure decrease, 1.3 sec., may be taken 
as indicating the time length of the continuance of the powerful 
inrush of the air which immediately set in after the termination of 
the eruption. The general nature of the barometric disturbance 
caused by the Sakura-jima outbursts was quite similar to that in the 


case of the Asama-yama explosions observed in 1913. 


Tokyo. April, 1920. 
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The Sakura-jima Eruptions and Earthquakes. VI. 


[Notes on the Destructive Earthquake of Jan. 12, 1914, and Miscellaneous 
Remarks on the Eruptions of Sakura-jima.] 


By F. OMORI. 
(With Plate: LXXXVIM-CVIL) 


CHAPTER I. NOTES ON THE DESTRUCTIVE SAKURA-JIMA 
EARTHQUAKE OF JAN. 12, 1914. 


1. Time of Occurrence. ‘The destructive Sakura-jima earthquake on 
Jan. 12, 1914, was tromometrically observed at the Seismological Institute 
and the Osaka meteorological observatory at the radial distances of 958 and 
560 km. respectively, as follows :— 


Time of Daration of the 
Commencement. Ist prel. tremor. 
Seismological Institute (Tokyo) ...6" 30" 21°p.m. 180.7 sec. 
Osaka Met. Observatory. ... ...6 29 28 70.9 


The time of earthquake commencement at the origin itself estimated from 
the Tokyo and Osaka observations is found to be 6. 27.57 P.M., or very 
nearly 6" 28™ p.m. 

The maximum frequency of the fore-shocks of different intensities taken 
together was attained between 8 p.m. on the 11th and 10 a.m. on the 12th, 
that is to say, during the 14 hours preceding the commencement of the actual 
eruption. If we confine our attention to the stronger of the fore-shocks, 
namely, those of moderate and strong intensities, the maximum frequency 
occurred between about 6 and 11] p.m. on the llth. (See Table I.) It may 
be concluded that the premonitory earthquakes, which were the result of the 
underground volcanic tension trying to create the exits for the emission 
of the eruptive materials, had already reached the climax in frequency 
and intensity some dozen hours prior to the outburst. The violent and fairly 
extensive earthquake at 6. 28 p.m., on the 12th, took place, on the other hand, 
about 83 hours after the commencement of the latter, and is to be considered, 
not as belonging to the group of the fore-shocks, but as a non-local tectonic 
disturbance induced by the volcanic eruption. 
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Table I. List of Moderate and Strong Earthquakes felt 
in Kagoshima in Jan. 1914. 


eT 


Time of 


Ain ees Intensity. Occurrence. Intensity : 
Jan. 11, 1914. Jan. 11, 1914. 
h m 3s De mas 
4 0] 40 A.M.) Moderate. 9 00 OO P.M.) Moderate. Houses shaken. 
4 26 40 “ Houses shaken. | 9 O08 O00 * = 
5 58 00 B c 9 52 00 _ 
9 57 45 Strong. Clocks stopped. J 09) 00 = in 
11 46 54 Moderate. Houses shaken} 10 O00 00 0 ” 
Orage leat) pei oer sok PO 200 ‘ ; 
0 48 00 Strong. Clocks stopped. 10 58 00 Strong. 5 
1 24 00 Moderate. Houses shaken. 
2 54 50 ; : Jan. 12, 1914. 
3 52 10 ; , 0 40 00 a.m.| Strong. Houses shaken. 
4 12 10 ; P 3 35 00 Moderate. a 
5 24 00 3 29 + OSS ‘i . 
6 47 00 4 - csictian nf ce 
6 53 00 ; 5 49 00 Strong. Ke 
7 01 00 ' 6 03 00 Moderate. F 
7 22 10 i m7 : oy ‘" - 
7 30 20 . ; 6 32 00. » ” 
7 42 02 § : sean ‘ 
7 51 00 i 8 27-00 Strong. re 
8 12 00 ; : 6 28 00P.m.| Destructive. 
8 23 00 ; . Jan. 13, 1914. 
8 34 00 ” 4 09 00 P.M.) Strong, Houses shaken. 


2, Tokyo Registers.* The different tromometers in the Seismological 
Institute (Hongo, Tokyo) have given well defined registers of the destruc- 


* Record at the Kagoshima Meteorological Observatory of the commencement of the 
destructive earthquake motion has been reproduced in No.5 of this Volume. 


“ 
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tive Sakura-jima earthquake on Jan. 12, 1914. Figs. 2, a and 2, B (Pls. 
LXXXIX., 4 and B) is a slightly enlarged reproduction (magnification = 26) 
of the earlier and the main portions of the diagram furnished by the duplex 
pendulum tromometer, composed of the upper, or ordinary, pendulum of 
height = 4.0m. and of weight = 150kg., and of the lower, or inverted 
pendulum of height = 0.58m. and of weight = 82kg., with the resultant 
oscillation period of 19sec. From the diagram it will be seen that the move- 
ments in the preliminary tremor, 2m. 9.3 sec. in duration, were executed 
in the s. w.=N. E. directions ; the very first displacement being, according to 
the high magnification instrument registers, in the direction of N. 64° E., 
accompanied by an upward movement. The seismic origin was, therefore, 
at the approximate distance of 960 km. to the S. 64° W. of Tokyo, a position 
quite close to Sakura-jima. In the principal portion, the motion was com- 
posed at first of the transverse vibration, but subsequently again of the large 
longitudinal vibration, followed by alternations of the two sets of waves of 
gradually decreasing amplitude.. 

The maximum movements (= 2a) recorded by the different instruments 
at the Seismological Institute was as follows :— 


Macnification. Actual 2a. 

HE. W. Compt. Horizontal Pendulum (= 10), ... ...2.95 mm. 
FF + 43 ed) Ere a te 
99 £1} 3) (= 30), Sera ...2.83 be 
Mean...2.9 if 

N.S. ss re e EL ed Mohr cabin 
» 9 v » (= 20), ... ...1.40_,, 
Mean...1.6 5 

Vertical Component Tromometer CLO ae. OF nim. 


To give a comparison, the maximum motion (= 2a) of the local semi- 
destructive Asama-yama earthquake of July 16, 1912, registered in Tokyo at 
the radial distance of 185 km. was as follows :— 


Maenification. Actual 2a. 
HK. W. Compt. Horizontal Pendulum, (=10) ... ...1.65 min. 
i o - Ean) eee eG ae 
2 Pe 7, Cas G0)" ha eel Gone, 
Mean,..1.71 ,, 
N.S. ng $s 4 (CLO aes we o.45 Ka: 


Vertical Compt. Tromometer (=e EO hie 76 OF O0e., 
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Taking the distance difference into consideration, the Sakura-jima earthquake 
on Jan. 12, 1914, seems to have been some 10 times larger than this strong 
voleanic Asama earthquake. 

Figs. 3, 4, and 5 (Pl. XC.) give the u.w., the n.s., and the vertical 
component registers at Hongo of the Sakura-jima earthquake. 

3. Area of Earthquake Motion. The Sakura-jima earthquake was fairly 
great, and the area of sensible motion included the whole of Kyushu (except 
the province of Chikzen at the north), the-s.w. extremity of Chugoku, 
and the n.w. portion of Shikoku, extending to the maximum distance of 360 
km, in the n.. direction to the vicinity of Hiroshima (province of Aki) and 
Imahal (province of Iyo, Shikoku). Toward the s.s.w. the shock was felt at 
the islands of Akseki-jima C&N%) and Takara-jima (#{W) at the radial distance 
of about 350 km., but was unfelt at Nase (O-shima, Lyukyu) a little futher 
on. Toward the n.w. the radial distance of the sensible motion area was 
limited to 210km., the shock having been felt at the s.w. part of the Goto 
islands group, but not felt at the islands of Iki and Tsushima. It is likely that 
the sensible motion was propagated also to a comparatively short distance 
toward the s.. | 

The area of moderate intensity motion which included the whole central 
and southern parts of Kyushu and some of the Satsuma islands, had the 
maximum radial distance of about 185 km., to Nagasaki and the vicinity 
toward the N.N.w., and the Yaku-shima (#Al§) and Nakano-shima (P26) 
toward the s.s.w. 

The area in which the earthquake was felt strongly without causing 
damage extended over Satsuma, Osumi (except its eastern portion), and the 
Kxoshiki-jima islands (-E F@iii§), the maximum radial distance being 70; 90; 
and 80 km. toward the n. ; the w. ; and the s.s.w. respectively. 

The area of strong motion, in which slight damage was caused, was an 
ellipse including the region bordering on the Inner Kagoshima Bay, of the 
major and minor diameters of 60 and 45 km. respectively. 

Finally, the violent motion area, in which serious damage was caused to 
the buildings, was a small ellipse including the island of Sakura-jima and the 
city of Kagoshima and the vicinity, with the major and minor diameters of 30 
and 25 km. respectively. At the Moe-jima, off the n.z. coast of Sakura-jima, 
the earthquake was not very severe, none of the tomb-stones having been 
overturned. 

From the map (fig. 1) it will be observed that the sensible earthquake 
motion was mainly propagated toward the n.x. and toward the s.s.w., namely, 
along the extension of the Japan islands arc. Such was also the case with the 
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Inland Sea Earthquakes on Jan. 12, 1914. 
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Pl, DXXXVIET. 


Map showing the Area of Disturbance of the Sakura-jima and the 
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ification = 10), at Hongo. : Pl. XC. 
gnification = 20), at Hongo. 

cation = 30), at Hitotsubashi. 

cation = 20), at Hongo. 


Fig. 3. 


Fig. 4. 


Fig. 5. 


Fig. 5’. 


‘o and Hitotsubashi. 


a 
Fig. 3. E.W. Component (mag ni ficati 
Fig. 4. Vertical Component (magnificatior 
Fig. 5. N.S, Component (magnification = 80), Titotsubas 
Fig. 5. N.S. Component (magnification = 2( 1 


‘Tokyo Observation of the. Sakura-jima carthquake of Jan. 12, 1914, at 6. 28 P.M. 
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(1 Time Mark Interval = 1 minute.) 


Figs. §.and 5,’ The individual vibrations ean be identified in the diagrams obtained at the two different stations of Hongo and Hitotsubashi, 
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Ttoshima (4#i8) earthquake of 1898 in the western part of the province of 
Chikzen (Kyushu). 

4. Focal Depth of the Destructive Sakura-jima Earthquake. The 
origin of the destructive earthquake on Jan. 12, 1914, at 63 p.m., was probably 
situated in the Kagoshima channel, between the former islet of Karasu- 
jima and the coast of the city of Kagoshima, at about 4 km. to the s.z. 
of the Kagoshima meteorological observatory, say, at g = 31°35’ N., A=130° 
35’ n. According to the seismographical registers at the latter, the duration 

of the preliminary tremor of the fore-shocks was on 

K ERM 4 the average 1.9 sec., while that of the aftershocks 
was found also to be practically identical, namely, 

1.94 see. (See this Volume, No. 5.) The duration 

of the preliminary tremor of the destructive earth- 

quake may probably, without a sensible error, be 

/3hm taken to be 1.9 sec., which according to my caicula- 
tion formula given in the Bulletin, Vol. IX, No. 1, 
corresponds approximately to the central distance of 

14km. This is to be regarded as denoting, not the 

surface radial distance from the epi-centre, but the 

direct distance between the place of observation and 

the seismic focus or centre ; the formula here utilized ° 

0 being, for the shorter distances, based on the 
observations of the earthquake motion caused by the 


ee thee explosions of the Asama-yama volcano, for which 

Se inncentce.. the source of disturbance lay at the surface itself. 

K......Kagoshima Met. The focal depth is found to be about 13km. (See 
Observatory. = hae 


fig. 6.) 

The destructive earthquake in question took place during the explosive 
phase of the volcanic outburst of Sakura-jima, about four hours before its 
intensity culmination, and some 24 hours before the commencement of the 
lava outflow. The earthquake was, therefore, probably caused by the strong 
underground expansive volcanic force, which must have imparted an initial 
upward impulsive motion to the district in the epifocal area, as is verified by 
the seismographical record at Kagoshima. (See this Volume, No. 5, Pl. 
LXXVILZ.) 

5. Seismic Damage in Kagoshima. The damage in the city of Kago- 
shima due to the strong earthquake on Jan. 12, at 6. 28 P.M. was, according to 
the report of the prefectural office, as follows :— 
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Killed... ... ... ...8 men and 4 women (including 8 wounded who 
subsequently died). 
Wounded... ...  ...15 men and 12 women. 


Horses and cattle ...24 killed. 


Bullies Pea acca | 130 half collapsed ; 
Boats .. -.. ...18 totally wrecked, 22 partially damaged. 
Roads ..._ ... _°...Damaged at 12 places, total area 883 tsubo.t 
Bridges... ... ...6 damaged. 

era anall gh et eesti at 675 places, total area 6,265 
Board fences... ...Damaged at 110 places. 


Table IL., communicated by the Police Office of Kagoshima, gives the 
numbers of the buildings* totally or partially destroyed in the different streets 
of the city, by the strong earthquake at 6. 28 p.m. on the 12th’ The total 


amount of the damage was as follows :— 


Number of the Nuninber of the 
dwelling houses. ware houses, etc. 
Totally destroyed, 29 86 
Partially destroyed, 117 181 
Slightly damaged, 9,405 1,055" 


Thus only about 0.2 % of the total number of the dwelling houses in the 
city have been overthrown by the shock. The greatest amount of destruction 
occurred naturally in the made grounds and the strand streets, such as Kasuga- 
cho (4H), Yanagi-machi (#9), Sumi-cho (43887), Ogawa-machi (JIE), 
Kinsei-cho (4287), Daikok-cho (A489), Izumi-cho C297), Shiomi-cho (Y Sar), 
Seisan-cho (4&#@"r), Naka-machi (PMN), Gofuk-cho Geir), and Higashi- 
Sengok-cho GET), at the sea coast portions of the old city quarters to the 
north of the Kotsuki-gawa ; and Tokiwa-cho (##), Take GX"), Korai-cho, 
CSB"), Ikamino-sono (47 BI), and Arata-machi (3¢H"F), in the newer portions 


of the city to the south of the same river. 


* In the official estimates the number of the buildings totally destroyed often includes 
those standing whose damage is so heavy as to necessitate a rebuilding. 


+ 1 tsubo=86 sq. shakw=36 sq. feet nearly. 
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Damage to Buildings in the City of Kagoshima caused by 


Strong Earthquake of Jan. 12, 1914. 


Table II. 

Street. Hy 4 
Tsuzumigawa..... x OM 
LERBio oa 6 ee OOO 48 vii) 
ST NETTAVATG Bo cece eee if 7k 
RASUP Raa cl ts 01 « AS H 
Takashits. <3) 3° ais Ke fii 
PYiicuslige oe opel We nei ton fe x ri 
Nishidaeosc «| ste 6 ves pa Ay 
Shinyashiki,. .... wr Be Fk 
POKLWRats Gh wie Goon Gre Hee 
PP AKO ita at te et eke ney 
IKOnaiomm clas shit o is EB 
Kaminosono:. ... . 7? fl 
Kamt-Arate... /. . A te A 
Shimc-Arata.. .... FP sc A 
Shimo-Tatsuo. .... FT PB 
Kami-Tatsuo. EL te 6 
EKONGUCS och 0) he Th 7 Ee 
Ramaghita. gs. « sr Wy - 
MADCIE 6 co. eS ee y iq 
SOLSATMe Its) es A ps 
MEAG. Pah ol aio) a 6 Te H 
ANS be.g fy Ron tea eee Se 
SS LSTUe Pang SRS NS ppp eli 
LOLI Stars odie card Sa. Si 7E 
Matsubara. . .... . Las A 
EVAPION eats shi ete oe ae a 


Total Number 
of Houses. 


—$__—§| 
a 


Dwelling Houses. 


Total 
Collapse. 


Half 
Collapse. 


j= en 


Ware Houses, ete. 


as 2) ai ae aS nD 
131/132] 3| 5 | 30] 38 
1441145} 2 87 5G OG 
212/912) 3110] 71 | 84 
215/217| 3} 2@| 301 35 
1631681 =) — 9 
164) (sas |) Pots 
384/386} 3} 3 | 23 | 29 
170|170| — | — | 35 | 35 
aisiai9} 1} 1] 1] 3 
Pra Tya et ep ey 
361/361| —| 1|.7| 8 
93/0361 1| 2| 4] 7 
352/352| 1| 5 | 4| 10 
742/747; 4) —|} 4].8 
910/216| 14 | 12 | 44 | 70 
2081214 14 | 48 | 66 
181/187} 1] 14 | 56 | 71 
408|413| —| 5 | 51 | 56 
a37|240| 7| 2/12] 21 
S41 eba bs) | Tinlad 
of e301 Vs | ode bee 
93| 241 3| 6| .8 | 14 
102|105| — | — | 20 | 20 
1801181 | —'| — } 30’) 30 
98|103} — | — | 25 | 25 
166/167/ — | 1| 35 | 36 
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Table Hl. Damage to Buildings in the City of Kagoshima caused by 
Strong Earthquake of Jan. 12, 1914. (Cont.) 


8 Dwelling Houses. Ware Houses, etc. 
Street. Hy 4% ae 38 a5 ze : ae a5 a2 : 
Shiomi. ....|W Bf 651 —|.—} 7:10) -110)' 1) Tea aeeee 
Sumiyoshs ... .| 42 | 2 |1)188| 1] (5) 150) 186)//° 2) 3). SOT 
Susaki. ...-| HH @& 391 [3|.~)+ /20). 281) 01). 21 gies 
Higashi-Sengok.| KR 4 @| 460| —| 6] 425) 431) 7) 3 15| 25 
Naka, -¢ itl Hp 1601 1} 18] :186) 150]) 1). 14). ie 
Kingei. .! 2. ohee | 2S eee 110] 115] 1) 15| 38) 54 
Funats. . .. . as  #} 164) —| —| 118) 1138 15) 28 
Daikok. ... - A eit 12h 1S]. 189) Le 12}. 18 
Gofuku. . x mi 119} 1) 8| 97] 106 PEE 
Yamanokuchi. .| Wj 7 GB 548 | = 6} 262} 268 44 55 
Hinokuchi. . .| #i 7 G 5541 —| —| 270| 270 45) 45 
Kajiya. ...-|in ya} 426| —| —| 216; 216 4b aeee 
Sontads Vee xem! 307/ —| —| 198]. 198 12) 12 
Shinshoin.. . {| oF Be} 2738) —| —p 17) 1 7 7 
Nishi-Sengok, .|@ tT 4] 472) ——|. — 229] 229 131 .p4ke! 
Hiranomachi. .| 7 < AGS). al a 6 2004. 9200 11 11 
Shioya. :{ oe 633 2) 10} 340} 352 35 37 
Ogawa...) A. oh (RA aGLTed Pio hapelS0] M158 15| 22 
Rbie 225 ey M@ Al 148; —| —| 130} 180 1 2 
icamiya, |... (\Ga | ped) eae) BB ee 
Kruma. ... ; x 141; —| —j| 89] 85 D4 i148 
Yanagi. . <). 3 BI 147} —| 2] 145] 147 = 4 
Mkaie.; ..: . i ge) = Bit} ae 18 — 
Sakaiy’ |... | a GON ae e380) 30 1 2 
Nagata. J./. 7/30 | yA Ride ee Pcs 56; 56 r= 2 
Reisui. . . . | OR 173, —{'—} 20} 20 a 


a mf | 


Samiyec diced & tt 13,389 | 29| 117 |9,405 9,551] 86 | 181 1,055 |1,322 


Pl. XCLI. 
Sakura-jima Earthquake of Jan. 12, 1914. 


(F. Omori, phot.) 


Fig. 7. Large overturned Stone Lanterns at Gion-no-su, in the northern part of Kagoshima, 


ae 


Fig. 8. A Stone Ware-house, in northern part of Kagoshima, badly cracked along mortar joints. 
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Sakura-jima Earthquake of Jan. 12, 1914, 


Fig. 9. Stone Fence Wall of the Kagoshima Prison. Stones below the horizontal crack line 
scratched off. : 


Fig. 10. Part of the Prefectural Buildings: The plasters on the E. and W. longer sides were 
much cracked and shaken down. The N. fence stone wall was partially overthrown. 


Fig. 11. An E. End House of a Row of Street Buildings parallel E. W. much thrown out of the vertical. 
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6. Stone Structures. The comparatively large amount of the seismic 
damage was due to the existence of the dwelling houses, ware-houses, 
retaining walls and fences made of the soft tuff-like andesite which came widely 
in use within the ten years preceding the eruption. The majority of these 
structures, which are very poorly mortared and little better than simple 
piles of the stone blocks, are much damaged by earthquake shocks, being 
seismically far weaker than ordinary brick buildings. specially the fence 
walls proved very dangerous, as, being propped by buttresses on the mner 
side, where the ground is generally higher than on the outside street, these 
were overturned toward the latter quite easily. Of the 9 cases of the direct 
mortality in the city none was due to house collapse, all the victims having 
_met their death on the street by the overthrowing of the stone fence walls. 
The building stones are chiefly of the following five species :— 


(1) Tsousu-ishi G#AIA)............... Mie ee per ag and 
(2), 1Ono-isht GREE). 1:0.) i cen Used in buildings. 

(3) Wajiki-ishi (Gn¥@AA) ............ ” 

(4) Kogashira-ishi (VHA) ......... ,, better class buildings. . 
(5) — [s0-ishi GRBs cs cree cr es es ,, stone fence walls. 


Through the kindness of Mr. J. Oi, chief of the public works department 
of the Kagoshima prefecture, I have procured 8 specimens of the stones of the 
species (1), (2), (4) and (5), out of which 81 test pieces were formed. Accord- 
ing to the results of the testing, (Table IIT), the Iso-ishi (5) were found to be 
very weak, the tensile strength being about 70 lbs. per sq. inch. Even of 
the hardest Isousu-ishi the tensile strength did not exceed 228 Ibs. per sq. inch. 
ee 


Ultimate 


AB Stone Specimen. Density. Tensile Strength, 
v (ibs. per sq. in.) 


bx A (tk «= =| Asc-ishi (soft). =a 70 
, : Pe — 73 
” (mi A) » (hard), 2.08 123 
Wh SS A Ono-ishi we. 150 
cf ¥ 2.00 221 
ii waa A Kajiki-ishi. ay, 155 
Ww A Kogashira-ishi. 2.34 172 
aA A Tsousu-ishi. 9.12 998 
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It is needless to add that the different stone species in question can be 
used, with proper mortar and under adequate design, as good building materi- 
al for earthquake-proof structures. Thus, the one story stone buildings of the 
Kagoshima Prison have sustained no seismic damage. 

I reproduce below the results obtained by Dr. 5. Uchida, of the Architec- 
ture Department, in connection with the building stones used in Kagoshima. 


a 


Ultimate Strength (in lbs. per sq. in.), 


; Weight per against 
Stone Specimen. cubic foot, 
(in Ibs.). ’ y Cross 
Crushing. Stretching. Breaking. 
i 8 A Kogashira-ishi. 146 7180 276 565 
ii & RE A Isc-ishi (hard). 183 4910 nA 729 
ik & Bt A Iso-ishi (soft). 114 1460 — — 
yy BF 6 7GQ™eC On o-ishi. 108 9590 a, is 
jm YA Kajikisishi. 106 2.180 133 545 
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Fig. 12. Broken Stone Monument ) Fig. 13. Broken Stone Gate Post | 
at the Terukni Shrine, of the Kagoshima Meteoro- 


Kagoshima. logical Observatory. 
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Terukni shrine (MAEM), a stone monument, 26 cm. square in section, and 
188 cm. in height (fig. 12), was broken at 25 cm. height from base. The 
intensity (=a) of motion neccesary for producing the fracture* in question is, 
assuming the tensile strength to be 50 lbs. per sq. inch, found to be equal to 
an acceleration of about 5990 mm/sec. 

Again, of the two similar stone gate posts (fig. 138) of the meteorological 
observatory, situated on the hill to the N. W. of Kagoshima, one remained 
uninjured, while the other was broken at the height of 25 cm. from base ; 
the posts being each 203 cm. in height and 25.5 x 27.5 cm. in section. The 
seismic stability is, assuming the tensile strength to be 50 lbs. per sq. inch, 
found to be equal to an acceleration of 4630 mim./sec’. 

The seismic stability of each of these columns was thus sufficiently great 
and must certainly have been much higher than the actual intensity of the 
earthquake motion concerned. It is likely that the columns were broken 
near the base where some weak points or cracks had existed. 


* For the calculation of the seismic stability of columns, see the Publications of the 
Imp. Earthq. Inv. Comm,, No. 4. 


478 F, Omori: 


Table Ill. Tensile Strength of the Various Building Stones used in Kagoshima. 
(Measured by F. Omori.) 


A Wh BF A mwa KR A 


lence Isc-ishi, Ono-ishi. Kajiki-ishi. 
No. 1 Specimen.* No. 2 Specimen. No. 4 Specimen. No. 6 Specimen. 
97.2 93.9 173.8 . 
96.9 93.3 189.5 172.9 
76.7 88.1 185.2 156.9 
74.8 88.0 182.5 140.9 
73.8 83.9 166.3 120.9 
73.6 78.4 157.2 (Mean) 155.0 
71.4 74.1 150.0 
70.7 72.6 149.2 wo 8 A. 
69.3 72.6 147.9 Kogashira-ishi, 
68.8 69.9 144.8 No. 7 Specimen. 
6f.9 68.0 144.4 197 
58.9 62.9 140.6 192 
58.8 62.8 127.4 180 
57.4 15.1 121.8 173 
51.7 (Mean) 73,1 100.0 170 
51.6 (Mean) 150.4 166 
(Mean) 69.5 159 
No. 3 Specimen. No. 5 Specimen, 14] 
159 248 (Mean) 172 
145 245 
134 234 mo OB 
125 939 Tsotisu-ishi. 
115 230 No. 8 Specimen. 
115 : 212 268 
98 211 238 
91 159 230 
(Mean) 193 (M an) 99] 221 
; 213 
199 


(Mean) 998 


* Gate post of the Kagoshima Met. Observatory, 


The Sakura-jima Eruptions and Earthquakes. VI. 479 


7. Direction of Motion in Kagoshima. In the city of Kagoshima 
numerous stone lanterns and tomb stones were overturned. (See fig. 7.) 
These being small columns generally not cemented to the pedestal, and of 
heights under 2 metres, with, in the case of the former, stems square or clr- 
cular in section, serve as a simple sort of standing column seismometer and 
give indications of the direction of the maximum earthquake motion. The 
observations of the overturned bodies, mentioned below, have been made in 
the following different places:—Terukni Shrine, West Honganji, Nanrinji, 
Fukshoji, etc., in the central and southern parts of the city; the military 
cemetery, Jokomyoji, Tanoura, etc., in the northern part. 


NV 


S 


Fig. 14. Diagram showing the Overturning Directions in the Northern Part of Kagoshima. 
Each small cross (x ) indicates a monument or stone lantern overthrown 
in the direction of the radius on which it lies. 


Terukni-jinsha (fBuitit):—A slender square stone column was broken at 
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base and overthrown towards N.30°W. The kurin, or high nine-ring post 
projecting above the top roof, of the 5-story stupa (pagoda), inclined toward 
S.80°H. A square stem stone lantern was overthrown toward §.46°E. At 
Yamashitacho (IU FF) a gate post, 1 x 1 shaku in size and 9 ene in height, 
was thrown toward §.40°E. 


Fig. 15. Diagram showing the Overturning Directions in the Southern Part of Kagoshima. 
Each small cross (X) indicates a monument or stone lantern overthrown 
in the direction of the radius on which it lies. 


West Honganji Temple :—The top of a large square-stem stone lantern 
was thrown toward §.55°H. 

Btokukai GMtS@):—Two square stone gate posts were overthrown 
toward 5.60°K. and toward N.80°W. 

Iwasaki Saw Mill :—The factory. building was overthrown eastward. 

Nanrinji (H#) :—The monument for the victims of the Sakura-jima 
eruption of 1779, facing 8.55°E., was thrown toward the latter direction. 
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Cylinder stem stone lanterns 
overthrown toward 


Square-section tomb stones overturned 


toward 
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AAW OF N.80°W. N.40°E. N.25°W. 8.75°W. 

N.70°H. S.80°W. N.80°H. N.45°W. 8.15°H. 

N.46°W. =—8..70°W. N.70°H. §.380°E. 8.80°W. 

N.40°W. 8.60°R. N.5°W. 8.60°W. S.60°W. 
SN BOPW oS. 7 Wie 007 Ve 
W. 


Fkushoji (iii) :—An octagonal stem stone lantern’ was overturned 
toward S.70°K. The top of a cylinder stem stone lantern was thrown toward 
8.40°H. 

One of the two stone gate posts of the Kagoshima Meteorological Obser- 
vatory, 27.5 x 25.5 cm. in section and 203 cm. in height, was broken at 25 
cm, from base and thrown toward the N.55°W. 

Military Cemetery :—Numerous stone lanterns and tomb stone were 
overturned. 


Square stem stone lantern over- 


Square section tomb stone over- 
turned toward 


turned toward 


N.65°W. N.65°W. 8.45°H. N.45°W. 
N.80°W. N.70°W. 8.70°H. N.75°W. 
N.80°W. N.85°H. N.55°W. N.65°W. 
N.40°W. S.35°K. N.58°W. N.68°W. 
N.65°W. 8./5°H. N.65°W. INS 5° Wi: 


Fort Ground :—Square section tomb stones were overturned mostly 
toward N.58°H. A stone lantern with cylinder stem was overturned toward 
 §.58°K. Another with square stem was overturned toward $.25°E. 
Jokomyoji (#56545) :—Several large stone lanterns and monuments dedi- 
cated to the successive ancestral lords of the princely family of Shimazu were 
overthrown. 


Square stem stone lanterns over- 


Square section tomb stones over= 
turned toward 


turned toward 


5.25°H. 8.35°H. 8.12°H. 5.40°H. 
5.50°H. N.45°W. 8.12°H. 8.55°W. 
5.40°H, 8.55°H. N. 


Summary. The directions of overturning given above refer to the 
magnetic north and south. Making the declination correction of 5° west, the 
36 observations made at the military grave-yard, the Jokomyoji temple, and 
other places in the northern part of Kagoshima give the mean result of 
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N.61°W-S8.61°E. The remaining 36 observations at Nanrinji and other 
places in the southern part of the city give the mean direction of N.76°W- 
S.76°H. (See figs. 14 and 15.) It will be observed that the overturning 
direction, which indicated the direction of the strongest motion in the nor- 
thern part of the city was approximately identical with that of the vibration 
at the commencement. of the earthquake as shown by the ordinary seismo- 
graph diagram obtained at the Kagoshima meteorological observatory. (See 
this Volume, No. V.). 

At Tanoura (4 7 #i) :—Two large stone lanterns (fig. 7) were not over- 
turned, while two others exactly like these standing nearby were overturned 
respectively toward §.55°H. and §.25°H. for one of these, with the stem 59° 
cm. (=2x) square in section, the height (=y) of the centre of gravity is 
found to be 170 cm. ‘The intensity or acceleration (=a) of the earthquake 
motion necessary for overturning the structure regarded as a ‘‘ small body,” 


would be a=~—xg=1690 mm./sec.2, g being the acceleration due to the 
a 


gravity. ‘These stone lanterns, with the base dimension of nearly 2 feet, are, 
however, to be regarded rather as belonging to the category of ‘“ large body,” 
and the range (=2a) of the earthquake motion necessary for the overturning 


would be some 87 cm., according to the equation: 2a= 2 xx, in which h 
af 


(=214 cm.) is the height of the centre of percussion of the whole column 
with respect to the ground surface. 

The mean direction of the maximum earthquake motion in the different 
parts of Kagoshima taken together was N.68°W.-S.68°E. This direction is 
probably habitual to the Kagoshima district and is almost exactly normal to 
the extension of the Kirishima, Sakura-jima and Kaimon-dake volcanic chain. 

In the case of the Tokyo district, the maximum motion in the stronger 
earthquakes is generally executed in an E.—W. direction irrespective of the 
position of the seismic origin; the usual type of the maximum vibration 
which occurs at the commencement of the principal portion, consisting of an 
eastward displacement (single amplitude) followed by the counter westward 
displacement (double amplitude). Amongst the others, in the semi-destructive 
earthquake of June 20, 1894, the maximum displacement was directed toward 
the $.71°W. The prevailing direction in the earthquakes disturbing the 
Tokyo district, or the Kwanto provinces at large is normal to the. course of 
the Fuji volcanic chain. It is conceivable that in a district situated not far 
distant from a volcanic chain the principal earthquake motion has the habit 
of taking place at right angles to the latter. 
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Fig. 16. Elevation, Plan, and Section of the Wall of the Kagoshima Prison. 
Dimensions are given in shaku, (1 shaku=0,994 foot.) 

8. Damage to Buildings and the Direction of Motion. The direction 
in Kagoshima of the maximum vibration of the destructive earthquake 
on Jan. 12, at 6.28 p.m., was nearly E-—w. (See § 7). Consequently the 
seismic damage to the buildings, partitions and masonry walls were 
different according to directions. Thus, the walls running parallel y.-s. 
were overthrown, or tended to be overthrown, by being cracked at their bases. 
If not thus cracked, those walls remained intact. On the other hand, the 
walls in an E.w. direction were in very many cases damaged by being cracked 
obliquely in two systems of lines mutually normal and inclined at an angle 
of 45° to the base, sometimes resulting in the falling down of the broken 
pieces at the central portion. Fig. 10 illustrate the occurrence of the two 
different types of crack: the 2-story wooden building, part of the prefectural 
office, had its north and south side plastered walls much cracked and shaken 
down, while the east and west end walls were not damaged ; the enclosure 
stone wall had, however, its east side partially overthrown, while the south 
side remained intact. 
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Fig. 9 shows the seismic damage done to the front, or east, side of the 
enclosure wall of the Kagoshima Prison. The wall, 15 feet in height and 1.7 
-feet in base thickness, (fig. 16), with buttresses on the outside at successive 
distances of 9 feet, was cracked near the base through the whole length; the 
parts of the buttresses just below the horizontal crack being in very many 
cases torn off and thrown down. This was the result, as is shown by the 
photograph, of a relatively outward motion of the portion of the wall above 
the plane of fracture. It seems thus likely that the first strong displacement, 
at the commencement of the principal portion of the earthquake, was directed 
westwards, or away from the Sakura-jima, while the counter and larger 
movement took place eastwards or toward the island. 

Fig. 11 illustrates a case, in which the houses at the east end of a row of 
the shops along a street parallel west-east, were considerably pushed east- 
wards, a broken partition wall in the n.s. direction being also much inclined 
toward the same direction. Several of the high enclosure walls and slender 
partitions in the E.w. direction received no seismic damage. 

9. Effect on Masonry Break-Water. The masonry breakwater pro- 
tecting the Daimonguchi made-ground (APIA) to the south of the harbour 
of Kagoshima is 500 ken (=3000 shaku*=909 metres) in length and extends 
almost exactly in the n.-s. direction, being normal to the corresponding 
radius proceeding from the centre of Sakura-jima. (See fig. 17.) It had 
been originally constructed between April 1901 and Jan. 1902, haying receiv- 
ed improvement repairs in 1904-1905. As will be seen from fig. 20, the 
structure is, notwithstanding its apparent solidity, in reality a sort of 
embankment with the coping 6 shaku in width and 17.5 shaku above the low 
water line, filled in with gravel and earth, and lined on the outside with a 
layer of stone blocks. 

The strong earthquake of Jan. 12th produced no cracking or other 
apparent serious damage of the breakwater. A careful measurement made 
by the Public Works Department of the Kagoshima prefecture indicated, 
however, that the horizontality of the coping was deranged, the maximum 
amount or range of the relative elevation and depression along the whole 
length of 1340 shaku or 406 metres of the portion examined (figs. 18 and 19) 
being 0.145 shaku (=0.044 m.). The break-water, which was approximate- 
ly normal-to the direction of the maximum earthquake motion, underwent a 
far greater transverse deformation ; the whole structure having been thrown 
out slightly in a curve form outwards, or toward the free east side, with the 


* 1 shaku, or Japanese foot,=0.994 English foot. 
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Fig. 17. Plan of the Masonry Breakwater and the 
Canal, of tle Kagoshima Harbour. 


FG, H......Breakwater Walls. 


oC ae eae Portion examined whose deformation is indicated in 
figs. 18 and 19. 
MG 5 eee es Oil Pipes. ~ 


(Scale: 1/4000.) 


Earthquake Effect on the Masonry Breakwater of the Kagoshima Harbour. 
(Length Scale: 1/1,400.) 


Fig. 18. Plan of the Breakwater, showing the Lateral Deformation. (Tansverse Scale: 
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Fig. 19. Vertical Deformation of the Top Surface of the Breakwater. 
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(Vertical Scale: 1/12.) 


Length, in ken (1 ken = 6 shaku). 
Width and Height, in shaku (1 shaku = 0 994 foot). 
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inaximum displacement of 0.85 shakw=0.26 metre near the middle of the 
length. 


Fig. 20. » Section of the Breakwater of the Kagoshima Harbour. 
Dimensions in foot. 


Ad 
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! 1 ead Ss ines 2 | Ken 
Fig. 21. Map showing the Location of the Oil Conducting Pipes (DBAT). 
Nae Cae ke stace Points of fracture of the pipe joints, T...... Tank. 


Dotted lines indicate the made grounds. 
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Beside the above-mentioned vertical and lateral relative deformations at 
different points along the length of the breakwater wall, the latter has also 
probably been bodily displaced, possibly through a range of some 1 foot 
normal to its length, as may be judged from the manner of the seismic damage 
done to the iron pipes laid in the immediate vicinity. (See below.) 


10, Oil Pipes. For the conduction of petroleum there had been laid 
3” cast iron gas pipes at the depth of 2 feet, for the length of 11380 shaku=348 
metres, on the made ground, 


Fig. 22. Broken 3” Gas-Pipe parallel to and at the distance of 
Flange Coupling. 


12 feet inside the breakwater wall 
above mentioned. At the south 
end the pipes are laid for the ex- 
tension of 700 feet toward the 
west, across the made ground and 
the canal, to the New York 
Standard Oil Company’s tank at 
Matsbara-machi C#/HFT). (See 
fig. 21.) In consequence of the 
softness of the made ground and 
especially of the movement of the 
breakwater wall, the iron tubes 
were broken by the earthquake 
shock at three places B, C, and D 
the damage occurring in each case 
at the screw-joint coupling. At 
Cand D, near the middle of the 
N.-s. length, the broken tubes 
were torn apart respectively 3” 
and 4”. At B, a short distance 
after the bending toward the west, 
i. ; 2 3 A SinefZ the tubes were torn apart through ~ 
the range of 13”, evidently due to 
the transversal bodily displacement 
of the wall. (See fig. 23.) At A (fig. 21) near the oil tank, a 3” pipe was 
torn off at a joint, breaking the flange there into 4 pleces (fig. 22). 

ll, Gas Pipes in the City of Kagoshima. The aggregate length of the 
main and subsidiary gas pipes existing in the city of Kagoshima at the time 
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Fig. 23, Joint Fracture of the 3” Oil Pipes. 
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of the Sakura-jima eruption of 1914 were respectively 47,394 and 88,126 
shaku,* as follows :— 


Main Pipe. Subsidiary Pipe. 
8’ Diameter... ... 6,261 shaku 2” Diameter... ...11,500 shaku 
pom) 8. As 7B8G C2 ae DEE 
4/" A ee Pe 1 O4. 2 ae Pi ee LOD 
3" . ae PE AES 1 me eee ee DFO 
Oh See epee eer ore 42,027 
4" 2“ Be ee OLS 
ULM ae Ses es setae Orbe 


The main pipes were of cast iron, while the subsidiary pipes were mostly of 
wrought iron. There was no case of fracture or other serious damage done to 
the larger main pipes except at one place on the made ground near the south 
end of the Canal G8) of the Kagoshima harbour, where an 8” pipe was 
drawn out of socket together with the lead to the amount of 3/3. Cases of’ 
mere joint loosening were, however, numerous, especially along the 3” and 6” 
pipes on the Bosato-dori, one of the main streets of Kagoshima, which runs 
parallel east and west, namely, approximately in the direction of the strongest 
earthquake motion. In vicinity of the High School G&+fif), there was a case 


of pulling out of a screw joint at the point of normal branching of 2’” wrought 
iron pipes from the line, the 6” pipes laid along the Yakata-baba street running 
in @ N.N.E.-S.8.W. direction. 

Damage to the wrought iron pipes of 1” to 2’ diameters, which was 
confined to screw joints, took place in nine cases, as follows :— 


Locality. wos of Position indica- Size and material of 
Street. ted id Fig. 24, Coupling. 
Smiyoshi-cho (fEyF HY). N.-S. B 2” Cast iron. 
Yasui-cho (HH). W.N.W.-E.S.E. F 2" ” 
” * EH 2” Wrought iron. 
Kruma-cho (#iiIy). N.E.-8.W. I 1} Cast iron. 
SS ae 1"3 » 
Smiyoshi-cho (#4). | W.S.W.-E.N.E. Cc 14 Wrought iron. 
Yasui-cho (4 /RHYy). W.».W.-E.S.E, D 1”3 Cast iron. 
Konaya-dori ()\ 4 233i). N.-8. G 1’3 Wrought iron. 
Yasui-cho (3); My). N.@.N.-8.W.S. H 4 3 


* 1 shaku=1 metre/3.3 = 0.994 English foot. 
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Cast-iron Gas-pipe broken in Wrought Iron Socket. 
(EQ) ndocdeone Broken End of, Gas-pipe. 


Fig. 26. 


Fig. 25. 2” Pipe. 
Bigs272 1at.,; Rio. 28) pale 


9 


As will be seen from figs. 25 and 26, in each of the three cases of the simple 
joints, H, C, and G, with no transverse branching, the thin end of the tube 
fitting into the wrought iron coupling was broken at, or a slight distance 
within, the edge of the latter, due evidently to the reduction to 14mm. or so 
of the thickness of the tubing by the screw cutting. None of the wrought 
iron couplings were broken. 

The six other screw joints for the connection of the 1/’} to 2” pipes were 
of cast iron and fitted also for a normal side insertion of 1’ wrought iron pipe. 
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Broken Cast-iron Gas-pipe Socket. 


Fig. 29. 13 Pipe. 
Hig. 30, 17°F"; 
ict oi. 2 F 


Four of these, B, F, D, and T, (figs. 29, 30, and 31) were broken transver- 
sally in a complete or partial manner at the junction with the latter. In case 
of the 2” pipe joint, B (fig. 31), laid along the strand street, extending nearly 
north-south, namely, approximately normal to the direction of the maximum 
earthquake motion, the coupling was obviously broken by the strong trans- 
verse thrust exertad by the 1” pipe branching from it eastwards or westwards. 
In the 1” joint H (fig. 28), the coupling was not damaged, but one of the 
adjoining 1” pipes had its screwed end torn off and partly crushed inside, 
showing clearly that the effect was due, not to a tension, but to a cross bending 
action. In the remaining 1/4 joint, the socket was not damaged, but the 
screw end of one of the pipes fitting into it was broken off apparently by 
tension. 
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Beside the damage done to the joints above mentioned, there was a case of 
fracture of a 2’ cast brass main cock on the Sengok-babadori (+45 #38) at the 
east abutment of the Nishida-bridge (4 #%) in the western part of the city. 

Again, at several places the 3’ gas-metre pipes were torn off. 

A partial gas circulation was restored 11 days after the commencement of 
the eruption, namely, on Jan. 28rd, the general gas light use throughout the 
city having been effected two days later on. During the subsequent days, till 
Feb. zIst, the leakage amounted to 45%. At the commencement of April 
next it was reduced to 25%, being still much greater than the value of 15% 
for the epoch previous to the occurrence of the earthquakes. 

12. Damage to the Railways. The damage done to the railways was 
slight and restricted to the distance of 9 km. to the north, and 153 km. to 


Table IV, Damage to the Railways. 


Mileage, 
(from Moji.) 


Damage to the Railway. 


Main Kyushu Line. 


9383™ O1¢ A stone block about 70 c, ft. in volume, thrown down from the right- 
hand side cliff, obstructed the road. 
I383™ 387° A stone block about 40 ¢, ft. in size fell on the road. 
54 stone blocks varying in size from 2 to 100 ¢, it. were precipitated 
934m on the road from. the mountain slope on the righthand side about 


200’ in height, bending one rail and breaking 8 sleepers. 


108 stone blocks of 2. to 200 ¢. ft. in size fell on the road from the 
mountain slope on the righthand side about 300’ in height, breaking 
4 and bending 11 rails, breaking 6 fish-plate joints, and breaking 40 
sleepers, 


935m 16° ee 21° 


About 20 stone blocks of 20 to 800 ¢. ft. in size fell on the road from 


235™ 30° — 35¢ the mountain slope on the righthand side about 150’ high, breaking 
coer 7 5 and bending 7 rails, and breaking 15 and bending 3 fish-plate 
joints. 
935™ 37¢ fs stone block about 200 ¢. ft. in size fell on the road from the right- 
(iran side cliff, causing the bending of a rail. 


935™ 389¢ 2 stone blocks about 80 c. ft. in size fell on the road. 


Kagoshima-Sendai Line. 


3™ Oe — 302 The approaches to the bridge were depressed 4” to 9”. 
(Between Take and 
Manju-ishi.) 


3m 7(Je —_ 4m The railway was slightly bent and the embankment was cracked 3” 
wide and 8 chains long. 


- > 

9 27 — 29 A cutting slid down over an area of 58 sq. tsubo. 
(Between Manju- 

ishi and Tjuin.) 
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Sakura-jima Earthquake of Jan. 12, 1914. 


I” Telegraphic Cable between Kagoshima and Sakura-jima. 


Fig. 34. Section. 


Fig. 35. An Inside Core-breaking, 
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the west of Kagoshima. On the main Kyushu line laid to the north of the 
city along the steep western coast of the bay, there were at 7 different places, 
between the mileages of 233™ 21° and 235™ 39°, cases of precipitation of rock 
fragments from the cliff walls or the high mountain flanks on the righthand 
side of the road, resulting in a temporary obstruction or in the damage to the 
rails and sleepers. On the branch Kagoshima-Sendai line there were at three 
places, between the mileages of 3™ 0¢ and 9™ 29°, cases of a small land slip and 
— of damage to the embankment. 


CHAPTER II. SEISMIC DAMAGE TO SUBMARINE CABLE. 


13. Submarine Cable Between Kagoshima and Sakura-jima. The 
damage done to the telegraph cable across the Kagoshima channel at the 
time of the recent Sakura-jima eruption furnishes a simple and interesting 
ease of the action of submarine telluric convulsions. The broken cable 
has been examined very carefully by Dr. S. Inada,* of the Department of 
Communications, the result of his investigations being embodied in a short 
but valuable paper contributed to the Denki Gakkai Zasshi (Journal of the 
Hlectrotechnical Society), No. 344, (1917). The following description of the 
eable and of the damage done to it in §§ 14. and 15 and Tables V and VI are 
translations from Dr. Inada’s paper. 

The telegraph cable across the Kagoshima channel laid on Nov. 20, 1912, 
between Take, at the n.w. corner of Sakura-jima and Kekura 3km. to the yn: 
of Kagoshima, had the length of 1.812 sea miles, with the slack of about 7 %, 
and the total weight of 12.6 tons, being composed of the double-core lines of 
the shore-end and intermediate types, as follows :— 


Kagoshima End, 


Sakura-jima End. 
| (IIT) (II) (I) 
Double-core Shore- Double-core Inter- Double-core Shore- 
Type. end type. mediate type. fan type. 
Length. 0.405 n, mile. 1,012 nautial mile. 0.395 n. mile, 
Armour Sheath, 10 = 300 mil 16 = 175 mil. 10 = 300 mil. 
Weight of Core. 100 Ibs, per n. mile, | 100 lbs. per n, mile. | 100 lbs. per n. mile, ° 
Reeeut of Insulating 120 r 120 e 120 Mi ¥ 
Weight per nautical 8.7 tons. 5.6 tons. 8.7 7 ” 
mile, 


* Besides furnishing me with detailed accounts of his investigations, Dr. Inada has 
very kindly presented to the Seismological Institute the specimen pieces of the damaged cable, 
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Fig. 36. Chart ot the Kagoshima Bay, showing the Location 
of the Submarine Cables. 


AB...... Cable broken by the Earthquake of Jan. 12, 1914. 
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The double-core shore type line used in the Sakura-jima and Kagoshima side 
sections (I) and (II), 0.895 and 0.405 nautical miles in length respectively, had 
the diameter of 1.6 inches and had an armour sheath composed of ten 300-mil 
diameter iron wires, of tensile strength = 25 tons per sq. inch. Again, the 
double-core intermediate type line used in the middle section (II), 1.012 
nautical miles in length, had the diameter of 1.8 inches, the armour sheath 
being made up of sixteen 175-mil diameter iron wires, of tensile strength = 30 
tons per sq. in. The sectional area and the breaking tensile strength of the 
iron sheaths were as follows :— 


SS 


Line. Sectional Area, Tensile Strength. 
Double-core Shore-end Type. 0.706 sq. inch. 17.6 tons, 
D Intermediate Type. 0.387 ia WW = 


As will be seen from figs. 32, 87, and 88 the cable crossed the deep nor- 
thern portion of the Kagoshima channel, whose banks have steep declivity 
and whose bottom, generally muddy and favourable for the laying of cables, 
was 50 to 75 fathoms in depth. 

14. Damage to the Cable. On the day of the Sakura-jima eruption, 
Jan. 12th, 1914, the cable functioned without hinderance till about 2 P.m., 
when the telegraphic operation was suspended, the island being then nearly 
deserted and the Sakura-jima terminal post and the neighbouring houses 
burnt by the hot lava fragments. On trial the next morning the com- 
munication was found cut off. The interrupted cable was left in the damaged 
condition for nearly 3 years, till Dec. 1916, when the cable laying steamer 
Okinawa-Maru was dispatched to the scene of disturbance for examination. 
Although the pumice and ashes had been precipitated to a thickness of over 1 
foot, the cable terminal, buried sufficiently deep in the ground, was found 
intact, thereby indicating the submarine location of the point of damage. 
The latter was ascertained to be at the distance of 0.577 sea-mile from the 
eoast of Sakura-jima, where the intermediate type cable was torn apart obvi- 
ously by a powerful tension, and the iron wires of the armour sheath were 
stretched some 3 mm. and then broken, there being no contorsion of the line 
and no scratching of the outside surface as would have been the case, had the 
damage been due toa cross breaking, for example, caused artificially by anchor 
casting. There was also no indication of the cable having been buried by the 
voleanic débries to any considerable extent, as it was pulled up without ex- 
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Cable between Kagoshima and Sakura-jima. 


Diagram showing the Water Depth (in fathoms) along the Submarine 
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Fig. 38. Chart of the S. W. Portion of the inner Kagoshima Bay, ; 
showing Changes in the Depth before and after the Sakura-jima Eruption of 1914. 
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adits. Submarine Cable. 
Diese: One of the portions of the bay where the bottom was depressed 
more than 1 fathom, 
By Scr: One of the elevated portions of the bay bottom. 
The figures indicate the amount of change of the water depth, in 
fathoms, plus (+) when ‘augmented, and minus (—) when lessened. 
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periencing much resistance (tension). It is to be remarked that the cable 
was broken, not at the steep banks of the Kagoshima strait, but at the flat 
bottom about one-third of the width from the coast of Sakura-jima. 

The cable was repaired by substituting a new intermediate-type line for 
the length of 1,111 metres, between the two points P and Q, 530 and 1,567 
metres distant from the Sakura-jima and the Kagoshima ends respectively. 
What was remarkable was the fact that, apart from the fracture at the point 
C (fig. 37) the old pulled-up portions of the cable, CQ and PC, were found 
somehow damaged and incapable of transmitting electic current. On strip- 
ping off the armour sheathing, the core lines and the serving were found cut 
off, at first the two together at short distances, then the serving only, at 
longer intervals with increase of the distance from the point of fracture. 
This internal damage was ascertained to extend from the latter for the dis- 
tances of 58 and 167 metres toward the Sakura-jima and the Kagoshima sides 
respectively. 


C Sakura-jima side, Kagoshima side. 

ore and Serving pine 

ee tosether, BO PIACESS, « lnseu4. 26 places. 
Serving only broken......... = a or Teo aes 


The average interval between the successive core or serving breakage 
was, according to Tables V and VI, on the whole constant and equal to 1.7 
feet for the distances of 102 and 319 feet from the point of cable fracture 
toward the Sakura-jima and the Kagoshima ends respectively, as follows :— 


: : Garenasnies Mean Interval between Miter of 
Direction. Length, AE ai he ot aan ae e 
L179 1.84 YAS 
Sum, Average, 

1038.9 $3197.83 1.68 TAG 30 

aoa Prss from the 97.5 158 39 
Point of Fracture C. 

57.6 2.74 18 

18.0 18.0 28 

46.9) Sum, 1.56 Average, : 32 

/ 
Eastwards from the 4.9 101.8 1.77 98 


Point of Fracture C, 
88.0 14.7 3.4 
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The frequency (=N), or the number of breakage for the length of each 
50 feet, was thus approximately 30 for the distance of 420 feet about the point 
of fracture, the decrease being thereafter very quick. .(See the illustration 
in fig, 39.). 


Fig. 39. Diagram showing the Frequency of the Core and Serving Breakage 
of the Submarine Cable. 


“iy 500’ 999! (0K 0 00 aga 


ies ee in foot, from the point of Fracture. 
= Number of Breakage for every 50-foot Length. 


15. Effect of Electric Discharge. The cable was also affected electrically 
by the Sakura-jima eruption which was accompanied by marked display of 
lightnings from among the smokes; there being found a trace of a powerful 
electric discharge at the distance of 1,020 metres from the Sakura-jima end, 
where the serving in the cable was charred black to the size of a pea. 

16. Cause of Cable Fracture. From § 14 it will be seen that the 
cable was torn apart as the result of a strong tension which existed locally 
for the extension of only 58+167=265 metres about the point of fracture, 
the breaking of the core lines and the serving at numerous places being 
evidently the antecedent effects produced by the application of the same force. 
The exact moment of the cable fracture can not be ascertained. But most 
naturally we are led to connect the effect in question with the destructive 
earthquake shock at 6} p.m. on the 12th (January, 1914), which was followed 
about 13 hours later on by small tswnami (tidal waves). The latter caused 
some damage in the hourbour of Kagoshima, but was insignificant along the 
other parts of the coast of the Kagoshima bay, being probably the result of 
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the formation of vertical disturbances of the sea bottom in the immediate 
vicinity. 

The fracture of the cable was probably not the direct effect of the earth- 
quake shock itself. Thus, suppose a portion ab (fig. 40) of the cable to be 
more or less buried in the sandy or muddy material of the sea bottom, while 
the adjacent portion bc was suspended in the water. If the direction of the 
earthquake motion, of intensity=a mm/sec.” be parallel to the cable, the 
destructive force at 6 would be equal to 


pee GE. 
where W is the weight of the free portion bc, and g the acceleration due to 
the gravity. The cable, of the intermediate type, would be broken if P 
becomes equal to the tensile strength, namely, 11.6 tons. In that case we 
have 


1 


W=gPx—_ =9800x 11.6%! 
a 


a 

If a=2000 mm./sec?. and 3000 mm./sec.?, W becomes respectively 58 and 34.8 
tons. But, as the weight per mile of the intermediate-type cable was 5.6 
tons, these values of W correspond to the length of 10 and 6 miles, being 
much greater than the whole length of the cable. In other words, the 
fracture in the manner here assumed would be impossible, although the 
direction of the strong earthquake motion was in reality approximately 
parallel to the extension of the cable. 

On the other hand, the earthquake very likely produced, or was followed 
by the formation of, a vertical displacement, or a horizontal displacement, or 
displacements in the two directions combined, at the sea bottom. (1), Asa 
simple case of a vertical displacement, let us suppose the sea bottom, abe (fig. 
41), originally plane, was partly upheaved and partly depressed and converted 
into a curved form a db ec (fig. 42). The cable, formerly in contact with 
the sea bottom, would be stretched into a sort of chord across the curve, de, 
and might be broken by tension, if buried or otherwise fixed at the two ends 
dandc. (ii), with regards to the horizontal displacement, the portion of the 
sea bottom, ac, might have suffered an elongation, in which case the cable 
would naturally be broken by tension. That there took place some distur- 
bances of the sea-bottom of the nature here supposed at the time of or soon 
after the severe earthquake is very probable, as the latter was followed by 
a tsunami. Further, the great Sakura-jima eruption (1914) was attended by a 
subsequent depression of the ground, which was specially marked in the 
Inner Kagoshima Bay. In fact the bottom of the latter was generally dep- 
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ressed from } to 4 fathoms, with the exception of the two isolated portions 
where the ground was ele- 
vated to the amount of 1 to 
3 fathoms; the submarine 
cable under consideration 


Diagram illustrating the Tension Effect 
on the Submarine Cable (ac), 


Fig. 0. having been laid just across 
one of these elevated areas, 
(fig. 88). Again, the dif- 
ferent trigonometrical 
points in Sakura-jima and 
a :f. C about the Kagoshima bay 
Fee egeEiee were more or less displaced 
horizontally ; the change at 
the N. and N.w. parts of the 
island being much greater 
», than along the coast of 

2 Kagoshima and amounting 
to 2.62 to 4.52 metres, 
directed toward the N.E. or 
the n.*) From these facts 
it may be concluded that 
the bottom of the northern part of the Kagoshima strait, across which the 
cable had been laid, was subject to pronounced vertical changes combined 
with the elongation movements in the horizontal direction. 

Now with regards to the action of a strong tension along a submarine 
telegraphic cable, the first effect will be to untwist slightly the outside iron 
wires, thereby pressing tightly the inside serving. The latter and the thin 
copper core wires, subject to stretching, willt hus be virtually clamped at 
several points along the length of the cable under tension and prevented from 
sliding within the armour sheath. As the result the serving and the core wires 
will be cut at numerous places one after the other with the increase of the 
tension, whose application may be supposed to be gradual. This process goes 
on till the iron sheath wires are finally torn apart. Such was probably what 
took place with the cable between Kagoshima and Sakura-jima under ques- 
tion. The average interval between the successive points of breakage of the 
serving and the core was 1.7 feet, being a little longer than the length of the 
armour sheath corresponding to one complete convolution of the constituent 

iron wires, which was equal to about 1.3 feet. 
: *y See the Bulletin, Vol. VIII, Nos. 2 and 4, 


Fig. 41. 


Fig. 42. Q A 
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From the existence of numerous breakage points in the core and the 
service it is to be inferred that the sea-bottom changes which exerted the 
tension along the cable was formed gradually. Had the application of the 
tension been instantaneous, the cable would have been broken at a single place, 
without damaging the material inside the armour at several points. 

As will be seen from fig. 33, the iron wires of the sheath, each of diameter 
= 175 mil, were first drawn out a little with an appreciable reduction of the 
diameter and were then broken. From fig. 35, which illustrates the damage 
done to the core, it will be seen that the gum-covering was also drawn out 
_and contracted before the breaking of the thin copper wires. 

17. Cables between Kagoshima and Onejime. In May 1910 two telegraph 
cables were laid across the outer Kagoshima bay between the town of Taniyama 
8 km. to the south of the city of Kagoshima and the town of Onejime on the 
coast of the province of Osumi. The submarine lines run in the direction of 
N. w.—s.E. Although they are at the nearest distance of only about 5 km. 
from the s. w. coast of Sakura-jima, they received no damage from the recent 
volcanic and seismic convulsions, due doubtless to the absence of the marked 
sea-bottom disturbances in the bay to the south of Sakura-jima. 

18. A Case of Non-seismic Cable Fracture. ‘The breaking at several 
points of the serving and the core is probably not limited to the case of the 
Sakura-jima earthquake under consideration, but may always take place when 
a submarine telegraphic cable is broken by tension. This was exemplified 
in the course of the repair work on the intermediate type cable in the sugar 
strait (between Aomori and Hakodate) in 1910, which had been laid in 1890, 
and partly much buried.* While the cable, whose sheathing was composed of 
12 iron wires of 0.175 inch diameter, was being hauled up, it was broken by a 
tension of 9 tons near the wheel about 15 feet distant from the paying-out 
drum. The portion, which fell into the sea, had to be abandoned and could 
not be examined. But, for about 40 feet of the paying-out drum end of the 
broken cable, the serving and the core were found cut to pieces, varying from 
0.5 to 4 feet in length. 


*) The details of the repair work were kindly communicated to me by Dr. Inada in a 


letter under the date of July 9, 1920. UNIVERSITY OF ILLINOIS LIDGARY 
MAR 15 1923 
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Table V. Damage to the Core and Serving of the Kagoshima and Sakura-jima Cable 
on the Adjacent Sakura-jima Side of the Point of Fracture. 
(* 1 shaku = 0.994 foot.) 


tervals) Damage. J ggrvay.| Damage. | ceva. 
shaku shaku : shaku 
Core broken. Jute broken, Core intact. Z Jute broken, Core intact. 
1.5 Jute broken, Core intact. a7 Core wire broken. 1.5 
1.3 Core broken. 1.0 Jute broken, Core intact. bs ” 
2.0 os 1.38 Core wires broken. 1.0 ip 
5 1 > 1.4 Jute broken, Core intact. 2.9 ” 
1.6 ” 1.4 ” 0.6 ” 
ea ” 2.1 » 2.0 » 
2.3 19 1G Core wires broken. leat 5 
15 9 ie Jute brcken, Core intact. 4.0 s 
1.3 ” ea ” 0.8 » 
1.8 55 3.7 Core wires broken. 1.2 Bs 
4.5 Jute broken, Core intact. 3.0 Jute broken, Core intact. 1.2 ” 
2.0 : iyah : 4.8 : 
| 
1.6 | Core broken. | 1.6 » 2.0 ” 
1.2 Jute broken, Core intact. 1.6 %» 16.0 ” 
1.0 Core wires broken. 1.2 5 18.0 3 
1.9 » 0.9 » 6.0 » 
Lb ” 1.4 ” 22.0 ” 
1.8 ” 12 » 2.0 ” 
ib oy Jute broken, Core intact, 0.9 “a 94.0 3 
1.2 : 2.0 “ 
: (Thereafter no more damage.) 
0.8 Core wires broken, 2.4 - ee 
0.9 Jute broken, Core intact. 2.9 ”» 
| es PN LE 
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Table VI. Damage to the Core and Serving of the Kagoshima and Sakura-jima Cable 
on the Adjacent Kagoshima Side of the Point of Fracture, 
one, Damage. | Facet Damage. I ¢ rere Damage. 
3 Core and Jute broken, } es Core contracted. ride Jute broken, Core intact. 
1.9 rs 1 1.9 | Jute broken, Core intact. 1.15 | ” 
sina? ? eek T » 15 : 
tp i 1.2 2.4 % 
2.2 5 1.9 r» 1 x3 
2.2 A 2.3 » 2.6 ” 
1.4 ; 3.2 » | 9.4 # 
2.4 = 1.0 » 1.0 2 
Le . 1.6 r 1.2 : 
2.0 % 2.0 » 1.5 
1.0 z 1.6 Ted, me 
1.6 % ey » 1.7 % 
1.6 5 | 2.7 r 1.9 * 
7.7 | (Not examined.) taf ps 1.3 : 
2.1 » 2.3 
1.6 | Core contracted, Digs - 0.6 a 
2.8 | Core and Jute broken! 1% Rs Eee - 
2.7 r | 2.2 rs 1.5 
aa : | 1.6 1.2 _ 
Bi 3 | 2.3 ” 1.6 ‘2 
2.0 : ey ‘ 2.2, # 
cS 3 r 1.5 A 
11 i 17 ¥ ey : 
1.5 ‘s 2.1 3 2.4 fe 
1.5 ” ah beak » 1.8 ” 
1.5 A | 1.6 : 0.8 o 
7 Jute broken. ee Bf 9.3 | Jute and Core broken, 
2.4 | Core contracted. 1.5 7 1.7 | Jute broken, Core intact. 
1.8 2 Ico z 2.0 : 
3.0 ™ | 2.4 i ss ” 
1 efi a5 |} 2.6 99 2.6 » 
Ayal _ (ee es >» 1.6 z 
1.4 Core and Jute broker | 2.3 2 2 ” 
df : | 1.4 £ | 1.2 3 
ai! ‘ | 2.1 . 1.5 » 
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Table VI. Damage to the Core and Serving of the Kagoshima and Sakura-jima Cable 
on the Adjacent Kagoshima Side of the Point of Fracture. 


(Continued. ) 
In- In- In- 
erat Damage. Em Damage. eo Damage. 
| 
shaku | sha'kku shaku 
he Jute broken, Core intact. ||  ],Q | Jute broken, Core intact. 9] | Jute broken, Core intact. 


2.0 ” 2.2 ” 1 ” 
1.9 ee 2.0 ” 1.2 ” 
leat ” peers » ce rt ” 
2.1 ” pe 4 ” 1.7 ” 


1 i, | 90 |Juteand Core broken.| 92.0 = 
c) of | 5 9,3 | Jute broken, Core intact. _ || ey "p 


2.0 2 } 2.1 "3 D2, ” 
13 » hel » f 2.1 ae 
; Ane o 1.9 ” 


(eva | 1.2 ee teeters 
(ou eee 24 (es ene ae ; 
ten | < we Jute broken, Core intact. 1.4 a 
174 i 1.2 » P26 » 
9.2. |G.P. cracked. dit ” | 2.0 ” 


deo, ” Ls » 9.4 » 
1.3 ” Ay. 39 4.0 7 


1.7 | tute broken, Core intact. LS ” 1.5 ” 
J.J |Juteand Core broken.) 1.4 ” 1.8 » 
1.6 | Jute broken, core intact. 1.6 » 2.5 B 


1.4 : 1.4 ; 2.0 k 
1.6 Fs 1.3 1.3 : 
1.9 1.2 ae 1.1 ‘ 
1.8 ee aeaes , 2.9 ‘ 


1.3 |Juteand Core broken.! 1.6 52 2.6 _ 
PGaks OA Dyae 
2.5 | Jute broken, Core intact. | 1.4 ” 2.3 ” 


di » Pe Bs 4.2 7 
{4 3 ae e “4 3.2% z 
1 ” Leh iF a . 
2.6 2 tte | ss 9.3 2 
1.6 2 | 1.4 5 tape! . 
15 » 0.8 7 6.0 ' 
Ei . ake) “7 18.0 i 


2.1 e 1% i (Hereafter not examined.) 
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CHAPTER III. SUPPLEMENTARY NOTES ON THE 
SAKURA-JIMA ERUPTION OF 1914. 


19. Median Furrow. (Supplement to §§ 52 to 54, No. 3, of this 
Volume.) The formation of the median furrow (figs. 44 and 46) along the 


Diagrams illustrating the Formation of middle axis of the course 
the Median Furrow. eth we 1 
ACB; A’C’B’...Cross section of a lava stream. O e 2nd stage ava out- 


flow AB, is due ‘partly to 
the flowing down in lateral 


ea a a direction and partly to the 
Fig. 43. 


A R contraction of the surface 

crust portion in_ the 

oe same direction (fig. 48). 
The result is the formation 

Fig. 44. tee = of a curved V-shaped 


ae 2 canal CO along the median 
line C (fig. 44). The 


B 
a 
Fig. 45. QA == 5: 7 existence of-the median 


furrow may be taken as 
being limited to lava 
streams flowing on a free unbounded area. In case of the confinement, or the 
flow, within a valley space ab, the cracks C, formed in consequence of the 
contraction, are necessarily narrow 
(fig. 45). Figs. 47 and 48 give the 
general and detail views of the median 
furrows of the lava streams at 
Yunohama (42%) near the buried 
village of Arimra. In the case of 
fig. 48, the mouth breadth of the 
canal was 46 feet, and the vertical 
depth about 33 feet. (See fig. 46.) 
20. Lava Islets. The new lava 
islets described in No. 3 of this 
Volume, are, in form, much similar 


Fig. 46. Section of a Median Furrow. 


to, but different in the formation process from, the median furrow. ‘These 
isléts have also invariably each a “ cleavage canal,” or a curved V-shaped axial 
depression, sometimes intersected by secondary transverse cracks; the result 
being in many cases the formation of a miniature lake or pond occupying the 
central area. An islet of this type, with one of its ends partly covered by the 
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lava stream of a later date, isfound at the coast near the side of the buried 
village of Arimra, and has been named Arimra-Kojima Caf“), (See the 
photograph, fig. 53.) The maximum width is 50 feet and the length about 
450 feet. Figs. 49 to 54 illustrate the other lava islets formed off the new 
coast at the s. B. and the n. &. parts of the Sakura-jima, already described or 
referred to in p. p. 261—266. * 

Some of the differences between the cleavage canal and the median fur- 
row are the following: the former is of sub-acqueous formation and more 
nearly horizontal, is composed of homogeneous massive material, is uniform in 
density, and is devoid of the reddish oxidation, characterizing the sub-aerial 
formation of the latter. 

21. Nabe-yama Crack Ridge. Fig. 55 gives a general view from the 
west of the “canal’’, or eruption crack, formed across the Nabe-yama,* and 
figs. 56 and 57 enlarged views of the top ridge nearly in the £.-w. direction 
which is ashy and covered with lava blocks of various size and beyond which 
is laid the deep eastern branch of the crack. The length of the top ridge is 
197 feet, and the height of the lava layer forming cliffs or “gate walls” on 
both sides of the canal is 50 feet (=15 metres). The north “ gate wall” is 
dark red in colour, being much oxidized as the lava cascade which flowed along 
the n. w. flank of Nabe-yama. The south “ gate wall” presented an apparen- 
tly smooth surface, thin violet in colour, exhibiting no reddish oxidation effect; 
probably in consequence of the breaking off of the front surface of the lava 
layer. When seen on Oct. 13, 1916, the north “ gate wall”? was not fuming, 
but the roof area of the south “ gate wall” was whitened with sublimates and 
was fuming considerably. 

22, Ash and Lave Accumulation around the Craterlets. ‘The inner ex- 
posed side of the peripheral wall of the craterlet No. 1 on the western slope of 
the Minami-dake shows very clearly the stratification of ashes, pumice and 
the solid lava layer. The rim of the craterlet, formed at the depressed portion 
lying to the north of a ridge connecting the parasitic cone of Hikinohira with 
the main central peaks of the island, is highest on the southern side, the 
sectional formation being as is indicated in fig. 58. The surface portion, 4.65 
metres in thickness, is composed of several layers of ashes, pumice, and broken 
lava fragments, and represents the accumulation of the volcanic ejection during 
the 9 days following the active lava outflow stage, and ending with Jan. 22nd, 
when the craterlet. in question became practically extinct. The underlying 


*) A good general view of the same crack taken from the east is given n Pl. LVIII of 
this Volume. ; 


PEOXCVIL 
Sakura-jima, 1914-1915. 


Median Furrow of the 2nd-Stage Lava Flow. (F. Omori, phot.) 


Fig. 47. A Lava Stream End, showing the Median Furrow. (Oct. 1916.) 


Fig. 48, An enlarged view of the V-shaped Median Furrow near the End of the Arimra-saki 
Lava Stream. (Oct. 1916.) 
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Sakura-jima Eruption of 1914, 


The New Ushine-Oshima Lava Islets, formed off the N.E. Coast of Sakura-jima. 
(F. Omori, phot.) 
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Fig. 49. View of the Two Small Islets and the Central Canal. (Oct. 1916.) 
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Sakura-jima Eruption of 1914. 


New Laya Islets on the S. E. Coast of Sakura-jima. (F. Omori, phot.) 


a - ash 
Fig. 51. Arimra-jima, showing the V-shaped Central canal. (May 1918.) 
4 


Fig. 52. The 2ad-Stage Lava Outflow and the Group of the New Lava Is!ats. Arimra-jima at the lefthand side. 
(Oct. 1916.) 
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Sakura-jima Eruption of 1914. 


Pond filling the Central Canal of Lava Islet. (F. Omori, phot.) 


Fig. 53. An Islet adjoining the Coast of Arimra. (May 1918.) 


Fig. 54. Arimra-jima. (Oct. 1916.) 
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Sakura-jima Eruption of 1914, 


Nabe-yama Eruption Crack Line. (F. Omori, phot.) 


Fig. 55. General View of the Nabe-yama Crack from West. (Oct. 1916.) 


Fig. 56. The Top Transverse Ridge of the Crack. (Oct. 1916.) 


Fig. 57 The Cliff Edge of the Lava Layer on the S. Side. (Oct. 1916.) 
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layer of massive rock is 8.85 metres in thickness and indicates the result of 
the lave overflow from the craterlet on the night of Jan, 13th (1914). 
Beneath this there are for the thickness of 2.0 metres two layers of loose 
formation, which represent the explosive products given out prior to the lava 

outflow ; the upper being a mixture of ashes and pumice, and the lower 
containing angular lava pieces. So much, altogether 13.0 m. in depth, is the 
result of the eruption, the old natural black soil beneath containing many new 
dead tree roots which were not charred. (See fig. 59.) These roots belonged 


Fig. 58. Section of the S. Wall of the W. Craterlet No. 1. 
Showing the Accumulation of the various Volcanic Materials. 


Ashes. 

Ashes, Lava Fragments, 
Ashes, Pumice. 

Sand. 


Ashes, Pumice. 


sone Sart mes 0 xen ee 


6 RS Eee nee Massive Lava Layer. 


Bay) 
Ss 


STS eA SS 


Ashes, Pumice. 


As 


Ashes, Lava Fragments. 


TAN --=-- ‘Tree Roots. 
Old SorvZ 


€- 


to trees smashed by the volcanic ejection or broken off by the volcanic winds. 
Some were the roots of wild roses, 2 em. thick, or of the J apanese pines, 7 cm. 
thick. On the west side of the craterlet, the original soil is shown to the 
thickness of 2 metres at the foot of the wall formed by the new solid lava 
layer, which rests on the layers of pumice and rock fragments also about 2m. 
thick, The thickness of the massive lava layer reaches the maximum 
amount of 20 metres toward the north where the craterlet rim is lowest. At 
the s.w. corner of the wall, the lava thickness is 11.3 metres. The actual 
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then, by a slow recovery, or upheaval, whose amount was maximum and 
=0.168 mm. at the coast of Osaki-hama about 10 kin. to the north of Kagoshima, 
but only about 0.0045 m. at Ogawa-machi, the strand street of the latter city. 
Thus it is to be assumed that the sea-level height at the harbour of Kagoshima 
is since 1916 subject to no marked disturbance. The present mean sea-level 
at the latter place is about 1.82 shakw = 55cm. higher than in 1903-1905. 
This agrees fairly well with the result of the leveling surveys, as the bench- 


Table VII]. _Yeariy Highest and Mean Sea-Sevel Heights at Kagoshima Harbour, 
Compared with the Yearly Mean Sea-level at Hososhima, 1914-1921. 


Kagoshima Harbour. |  . Hososhima.* 


Year. Reduced to 1915. 


Mean Mean Mean Do. (Height 
Highest Annual Mean Mean | Annual referred 
Sea-level. | Sea-level. Highest Annual | Sea-level to 1915.) 
| Sea-level. Sea-level. | 


Before the Sakura-jima Eruption of 1914. 


shaku | m. 
| 


5.51 | —(.494 


shaku 
1908-1905, 10.51 


| i 


m, 


— 0.552 | 2 | +0,013 


After the Sakura-jima Eruption of 1914. 


94. |. 1206.|;—— | —oo|. ~— |) ome! pees 
1915 | 1214,/ 738 | 0.000] 0.000) 2554| 0,000 
i916 | 1207 | 719 | —0.021 | 0.043 | 2.550 -+0.004 
1917 | 11.90 6.93 | 0.073 —0.121 | 2.650 | —0,096 
1918 | 11.99 7.02 | —0.046 | 0.094} 2.658 | —0,104 
1919. | 1221 | 7.18 | 0.021 |’ —0.061] 2.601 | —0.047 
1920 1185 | 687 | —0.088| —0139| 2627 | —0.073 
121 | .11.86 | 6.97 | —0.085) —0.109 | 2.634] —0.080 
1922 | | 
: | 


* For the Kagoshima harbour, the sea-level height is expressed in shuku (=0.994 English 


foot). For the Hososhima station, the sea-level is indicated in the distance below a fixed point 
in the tide gauge room, so that a greater figure corresponds to a deeper or lower level of the 
sea-surface. 
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Sakura-jima Eruption of 1914, (F. Omori, phot.) 


Fig. 60. Scene at Krokami, in the E. Part of Sakura-jima. The Gate Posts of the Miyabara Elementary School 
very nearly buried by Pumice and Ashes. (The man is sitting on one of the gate posts.) 


rose 
Fig. 61. Scene before the Prefectural Office, on the morning of Jan. 17th, 1914, when there was a slight ash- 
precipitation for the first time in the city of Kagoshima. 
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Sakura-jima Eruption of 1914. (F. Omori, phot.) 


Fig. 62. A Deep Crack (depth=5 m.), formed across the layer of the new volcanic débris on the 460 m.-Hill, 
near the Lava Source on the West Side. (Oct. 1916.) 
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Fig. 63. The New Lava Coast, in the locality where the 102-metre Asahi-yama Hill had existed. 
(Oct. 1916.) 
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mark No. 2469 at Ogawa-machi (Kagoshima) was 0.407 metre lower just after 
the eruption, in June 1914, than in the year 1892, while the elevation of the 
ground during the 22 years between the latter date and the year of the erup- 
tion (1914) must have been some 0.15 metre, giving the resultant depression 
of ground of about 0.407 m+0.15 m=0.557 m. at the harbour. 


Fig. 64. Variation of the Mean Annual Sea-leval Height, referred to 1915. 
We 
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Sh ccoaee Mean Sea-level at Kagoshima. 
Sgiccenrs Mean Annual Value of the High Tide Level at Kagoshima. 
156 Gragac Mean Sea-level at Hososhima. 


24, Casualty and Loss of Property. The amount of mortality involved 
in the great volcanic eruption and the strong earthquake on Jan. 12, 1914, 
was amazingly small. The inhabitants of Sakura-jima were brought, by 
means of steamers, mortor-boats, and other craft, safely to the city of Kago- 
shima and other places on the coast of the provinces of Satsuma and Osumi, 
there having been only two cases of death and 27 cases of missing out of the 
whole island population of over 21,000. Of the 16 earthquake victims relating 
to the Kagoshima district, excluding Sakura-jima, about a dozen were killed at 
a place called Tenjin-ga-seto, 24km. to the s.w. of the city, by the fall of a cliff 
of loose formation on the road side where a group of the fugitives were resting. 
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Tables IX and X are the official statements of the different items of the 
damage caused by the volcanic and seismic convulsions. The amount of the 
loss of property was estimated at the time at a little less than 40 million yen, 


as follows :— 

yen 

Kagoshima City. © in, 48 +o he ee 

Kagoshima. District.) 9. Ja0u8 4.5 es. Se eel eee 

Tbski ” ER arr a ee 35,676 

Hioki " eat Rie ne See 55,587 

Izumi 1,188 

Isa 7 Voy SEM | eee 22,924 

Aira ‘3 I 

Sod - we une pve 7 ball 3 hg anand ge 

Kimotski by ren RS 

Totals .000 Vi 7 sete wie ke i ee 
Damage to Total. Daltita ie 

: only. 

yen. yen. 
Cultivated Field, etc. 28,980,536 4,704,750 
Road, Bridge, etc. 209,559 — 
Dwelling Houses, etc. 2,258,188 1,072,287 
Agriculture. 2,217,041 933,150 
Sericulture. 318,251 ee 
Private Forest. 1,982,091 371,077 
State Forest. 377,572 11,030 
Live Stock. 754,487 80,126 
Acquatic Product. 63,7383 33,784 


Sum. 37,161,458 7,206,204 
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Table IX. List of the Seismic and Volcanic Damage in Kagoshima Prefecture 
Caused by the Sakura-jima Outburst of 1914, 


me 
12) ° 
ie City or B Ie 2 
ee District. PSI Ae} 2 i 3 
Se] ie Se rea he a ie ‘G SUM. 
Seism. — ie gea| A = 2 a 
and Volcanic é Eee iB ley ¥ A 8 
3 @ ” Bs on A 
Damage. mM iMag | 2 4 nD hd 
Killed. 13 18 = —_— —_ 4, 35 
Casua-| Wounded. 96 25 _ — = 121 
lity. 
Missing. — 27) — _ — _ 27 
Domestic Animals killed. | —| 2,875} — _— 1 9 2,885 
Burnt (vole, erupt.) —| 2,066; — _— — 1 2,067 
Number| Totally collapsed (eqke.) 29 28 abe if 10 — 45 113 
f 
Dwel- | Half collapsed _,, 117 38, 1 6 2 70| 284 
i 
Houses, Damaged z 9,405 | 1922) 1 1 4} 915 | 11,548 
Buried under pumice — 59 — — 9 1,568 1,636 
and ashes, 
Burnt (vole, erupt.) —j} 1,799; — _ — —] 1,790 
Totally collapsed (eqke.) 94 62 2 45 — 46 249 
Partially collapsed ,, 182 28 1 15 2 99 327 
Damaged = 1,058 58 —_— 25 —_— — 1,141 
Buried under pumice _— 22); — —_— 21 1,478 1,521 
and ashes. 
Covered by ashes (Num- — 14 4 105 48 28 199 
ber of places). 
Do., total length, in cho.* == 273 32 4,305 1,682 2,812 9,104 
Damaged (number of 20 70; — — _ - 90 
places). 
Do., total length, in cho.* 7.5 17 — _— — ae 4.2.5 
Embankment broken == 3 — — — — 3 


down or damaged 
(number of places). 
Do, (total length), _ 198’ | — — — _— 198’ 


* 1 cho=860 shaku=109 metres nearly. 
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Table IX. List of the Seismic and Voicanic Damage in Kagoshima Prefecture 
(Cont.) 


Caused by the Sakura-jima Outburst of 1914. 


= me 
City or eS £ 2 
District. 6 |ag es # 
Bhat heey 
Seism. — 2 as 1A A 
and Volcanic 3 ee ee Z 
D ~ @ |@as | 2 A 
ares Dc [mt A be Lae os aa 
Bridges damaged. 10 4); — 3 
Old wooden water work 43 _ _— _ 
pipes damaged, 
Miscel- | Ishigaki, damaged. 466 1,763 | —| 4 
laneous | | | 
Damage.| Telegraph posts over- = we = 
thrown. 
Boats lost or damaged. 35 23) — — 
Landslips. 10 g2 1 4 10 
tan tan. tan, 
Paddy field covered by] 1,825 5 | —| 59,301 
ashes. 
Field covered by ashes. 1,036 9,079 — | 131,779 
Do. buried under lava. — 7,432 —_— — 
Culti- reat 
vated 
Fields, | House ground, covered] 4,162 916 — | 18,437 
Forest, by shes, 
etc., | Do. buried under lava. — 742 | — — | 
covered 
by ashes a 
or 
buried | Forest and waste land} 1,132 | 24,218 — | 344,549 
under covered by ashes. 
lava. | no: buried under lava. aie AGS OR) Ica = 
| 
Miscellaneous grounds, 205 20; —/ 1,876 
covered by ashes. 
Do, buried under lava. — | 12,574 — — 


* 1 tan=300 tsubo = 10,667 sq. ft.=992 sq. m. 


Soo District. 


tan, 
46,381 


207,896 


15,317 


176,869 


3] 


Kimotski District. 


tan. 


51,788 


202,744 


14,001 


327,446 


1,434 


SUM. 


58 


tan,* 
159,300 


552,535 


7,432 


52,833 


742 


874,214 


4,398 


3,566 


12,574 
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Table X. Seismic and Volcanic Damage in Sakura-jima and at the 
Opposite Coast of Osumi. 


Kagoshima District, 


Kimotski District. - 


Village. (Sakura-jima), 
: SUM. 
Seismic an Nishi- | Higashi-| 1; a 
: = Sakura- | Sakura- shine- | Mobiki- 
Volcanic Damage. ay i a ed pe mra. 
z PN 
Killed. 1 4 ae 6 
Casualty. Wounded. 9 — -= 3 
Missing. 4 — — 27 
Domestic Animals killed. 2,500 8 1 | 2,882 
Burnt (vole. erupt.) 1,419 ¢ 1 — | 2,064 
Totally collapsed (eqke.) 1 35 10 69 
Number of 
the 3 
Deine Partially collapsed ,, 16 20 50 96 
Houses. 
Damaged. 654 5 — 1,176 
Buried under ashes and 9 759 628 | 1,446 
pumice, or under lava. 
Burnt (vole. erupt.) 1,260 a —- 1,790 
Totally collapsed (eqke.) 16 21 25 87 
Numb iE : 
; pee i 4 Partially collapsed (eqke.) ive 19 80 121 
Buildings. 
Damaged. 38 1 a 55 
Buried under ashes and 10 699 610 Gelso! 
pumice, or under lava. 
El Ls ee aaa Goto 
Cultivated | Buried under lava, 30 a —_ 84 
Fields, (area) 
Forests, : cho cho. 
Ste. Buried under ashes. 60 726 720 | 1,632 


(area,) 
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CHAPTER IV. NOTES ON THE ANEI ISLETS. 


25. Smaller Islets. The following notes relate to the Anei-jima,* or the 
eroup of the islets formed off the n. H. coast of the island of Sakura-jima after 
the great eruption of 1779, which I have visited on Oct. 21, 1916. 

Inoko-jima (#2 Fi8), When seen at 7 A.M. at the time of a minimum 
tide very nearly, there was to be observed only a rock head 1 metre in 
diameter projecting 1 foot above the water. This disappeared under water at 
high tide times. About 120 feet apart there was another rock piece seen 
under the water surface. 

Doro-jima Gels). After the recent great eruption, this islet, once suffici- 
ently large in dimension, became entirely submerged under water even at the 
lowest tides. At 7.50 a.m. (Oct. 21st), when the tide was lowest, a rocky 
prominence of the sunken islet was 6 feet deep, while another was 7 feet deep, 
the surrounding part being at the depth of 15 feet. On the submerged sur- 
face of the Doro-jima there were several rock blocks 6 feet or more in size, 
being similar to those scattered on the Moe-jima, probably precipitated from 
the neighbouring eruption vents in 1780. 

Nakano-shima CP25—-4 8 Gils). The islet (fig. 67), also called Karuishi- 
jima (Pumice Islet), is almost entirely composed of spongy pumiceous materi- 
als of ashy or brownish colour, mixed occasionally with small compact lava 
pieces of light 
black colour. On 
the side facing 


Fig. 65. Nakano-shima seen from Doro-jima. the Two-jima, the 
A...... Highest Rock. beach about 80 


Bian Small Depression, fear an width, 
where pine trees had formerly grown, has been converted into a soft clayey 
bed with roots and broken trunks of dead trees, partly standing in water. At 
the time of my visit the height of the highest point (A, fig. 65) of the islet 
was about 224 feet above sea level. The middle depression B, about 50 feet in 
diameter, is surrounded by large pumiceous fragments, 12 feet in maximum 
height, with some smaller blocks at centre. This may be the collapsed source 
of lava, or craterlet, being much similar to the Mar-yama (3ull)) of the Omoe- 
zaki, aud the Kyono-tsuka (#24) of the Moe-zaki. The precipitation of the 
new ashes was about 1 foot in thickness. Some pine trees 0.2 or 0.3 foot in 
diameter were still growing on the islet. The depression since the recent 
eruption seems to have been about 6 feet. | 


* Sve the Bulletin, Vol. VIIL, No. 2, oe 
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Iwo-jima, or Sulphur Islet (wi#ils), At the time of my visit, 9 a.m. 
(Oct. 21st), the islet (fig. 68), crescent in form and composed entirely of black 
solid lava blocks, had the maximum width of about 80 feet and the length above 
water of about 320 feet, the highest rock being 10 feet above sea-level. At a 
full tide time, the height of the islet would be reduced to only about 1 metre. 
At the inner, or concave, side of the islet there is a narrow deep vertical crack 
just covered by water, for the length of about 210 feet; the width was 
generally 23 feet, and the depth varied mostly between 15.6 and 19.1 feet 
along the crack length. At one point, however, the depth reached an extraor- 
dinary great value of 43.1 feet. 

The lava of Iwo-jima, which was formed by a submarine eruption from 
the centre situated probably on the concave side, is entirely different in nature 
from that of the new lava islets formed after the recent eruption, there being no 
special conchoidal, wavy, tubular, or filamental arrangement so characteristic 
of these latter. The Iwo-jima, which is higher toward the end facing the 
Moe-jima, is overgrown by reed, there being found only one dead pine tree 
5” in diameter. | : 

26. Moe-jima. (#i}) The islet* (fig. 66) is the largest of the Anei group 
and consists of the north and south plateaus separated by a narrow valley 
district; on. which the habitations of 45 houses are situated. The. plateaus, 
skirted by a narrow beach of maximum width of 120 feet, have steep sides, the 
north cliff reaching the height of 43.2 metres. The islet is mainly composed 
of whitish pumice lying on layers of soft clay which dip down towards the Nn. w., 
and which are well exposed at the s. . and the g. bases of the south plateau. 
On the inner, or s. w., side of the latter there is no exposure of the clay. The 
surface layer, about 6 feet in thickness, is composed of ordinary pumice parti- 
cles which was mainly the result of the submarine precipitation of the ash and 
pumice in the Sakura-jima eruption of 1779, prior to the upheaval of the 
Moe-jima ; the ash precipitation on the occasion of the 1914 eruption being 
only about 1 foot thick. The underlying layer of white pumice, generally 7 
ox 8 feet in thickness, ig thickly mixed with various dead shells ; being 
abundant, amongst the others, smaller species of the oysters growing unfixed 
to the rocks, now extinct in the Kagoshima bay. (See figs. 69, @ tod.) The 
shell-bearing layer, which is found throughout the islet and extends over tops 
of the two plateaus and the intervening depressed village portion, represents 
of course the sea bottom elevated at the time of the eruption of 1779, and the 
thick underlying portion of the white pumice layer free from the mixture of 


* " See the Bulletin, Vol. VILL, No. 2, P1.-XII, fig, Me 
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shells must be in the main the result.of the precipitation of pumice during the 
previous eruptions of Sakura-jima, probably in 1468 to 1476. At the s. end 
of the islet the shell-bearing layer lies directly on-the well te strata - 
clay. 

Throughout the islet here and there are found large blocks of loose and 
well burnt lava placed on the pumiceous surface layer. ‘These were probably 
projected i in 1779 from some of the ae ee eruptive vents prior to A 
elevation. 


CHAPTER V. ON SUCCESSIVE OCCURRENCES OF EARTH- 
QUAKES AND VOLCANIC ERUPTIONS. 


27. Successive Occurrences of Earthquakes. ‘I'he severe Kagoshima 
earthquake of Jan. 12th, at 6. 28 p. M., was preceded by a shock in the central 
part of the Inland Sea, which took place on the same day at 6. 12 p.m. 
(See Table XI.) These two earthquakes, whose time interval was only 16 
minutes, may be regarded as being co-relative. The direct distance between 
the centres of the two earthquakes was 375 km. The Inland Sea earthquake, 
whose origin was situated near the Myojin islet (#8), at 9=34° 8’ N., A= 
133° 13’ B. was not destructive and had a small area of sensible motion, the 
maximum radius being 145 km. ‘The major and minor diameters of poe strong 
intensity area were about 56 and 87 km. respectively. 

The following are examples of successive occurrences of destructive 
earthquakes from the Inland Sea and from some other part of Japan. 
(i). The earthquake on June 2nd, 1905, at 2. 39 p.m. caused .some 
damage both on the Sanyo-do and the Shikoku coasts, namely, at Kure, Eda~- 
jima, and Hiroshima, as well as at Mitsugahama, Gunchu and Matsuyama, 
resulting in the casualty of 188 persons and the total destruction of 64 houses. 
Simultaneously with this disturbance in the western part of the Inland Sea 
there took place numerous shocks at the island of O-shima (Izu) and the 
vicinity, which began on May 28th. Among these there were two strong 
earthquakes which occurred respectively on the 5th, at 1.45 a.m. and on the 
7th, at 2,39 p.m. ‘The second shock was semi-destructive and produced in the 
island of O-shima a partial collapse of three houses, and cracks and falling down 
of roads and stone fence walls at 674 places. The after-shocks continued till 
the 15th of the same month. (i). Three among: the group of, the destructive 
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Anei Islets Group. (F. Omori, phot.) 


Fig. 66. Moe-jima seen from the East. (Oct. 1916.) 


Fig. 67. Nakano-shima (Pumice Islet) seen from the Moe-jima, (Oct. 1916.) 
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Fig. 68. Iwo-jima, showing the arc form. (Oct. 1916.) 
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Moe-jima and Shell Layer. (F. Omori, phot.) 


Fig. 69,a. View of the 8. E. Cliff of the Islet, containing 
Shells in the Surface Layer (x x). 


Fig. 69,d. 


(b), (c), (d). Some of the Shells, in natural size. 


Ee OVER 


Sakura-jima. 


Fiz. 70. Nake-dake Crater, seen from the Kita-dake ; with the S. Cliff Wall of the Minami-dake shown 
on the back-ground. (Jan. 1915. M. Ueda, phot.) 


Fig. 71. Sakura-jima seen from the Kagoshima Chanuel, Oct. 1916. 
(F. Omori, phot.) 
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Table XI. Observation of the two Strong Earthquakes on Jan. 12, 1914. 
—_—_— eee 


Meteorological Time of . ee Te 
q@becvratorys Gn ee oe Intensity. | Remarks. 
a 
Inland Sea Earthquake. 
‘Shisaka-jima. | 6 ll 29 p.m. | Moderate. | Quick in nature, accompanied by 
| sound, 
Niihama, 6 11 58 Z Quick in nature, accompanied by 
sound, Houses shaken. 
Tadotsu. 6 12 09 | 53 Quick in nature, with vert. 
| motion, 
Kure, 6 12 28 | re) ” ” 
Hiroshima. 6 12 25 > 
Kochi. 6 12 08 | 3 |’ Doors shaken, 
Besshi. (Se JE NG) | Slight. Slow in nature, accompanied by 
sound, Doors shaken. 
Matsuyama. 6 11 59 | 3 | - Quick in nature, 
| 
Okayama. 6 12 18 | 3 | 


Sakura-jima Earthquake. 


Kagoshima. 6 30 00 PM. | Destructive. | Accompanied by sound. 

Kmamoto, 6 28 55 Moderate, | Duration long. 

Miyasaki, 6 29 20 pee i iauces shaken: 

Saga. 6 29 30 Strong. | Quick in nature, 

Nagasaki. 6 29 927 Moderate. / Slow in nature. 

Sase bo. 6 98 45 Slight. 

Fkuoka. 6 28 50 | Unfelt. 

Nase (Oshima), 6 28 58 ”: 

Hiroshima, Oo oUt OO eee Slow in nature, 

Hamamatsu, 6 .28 .45: | 9 | Quick in nature. 
Osaka, 6 29 28 z 

Tokyo, SUP I eh abet 
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earthquakes in the Ansei period furnish an interesting case of the suecessive 
westward transference of seismic activity. The great earthquake of Dec. 23, 
1854, at 9 A.m., originated off the coast of Tokai-do. The next day, the 24th, 
at 5 Pp. M., there took place the equally great Nankai-do earthquake, the two 
seismic centres being separated by a mutual distance of 320 km. These sub- 
oceanic shocks were followed on the 26th, at 10 a.m., by a seismic disturbance 
at the western part of the Inland Sea, which caused damage at Osu and 
Yoshida, in Tyo, and at Oita and Kokra at the n.£. part of Kyushu. (iii). 
The famous violent earthquake on Sept. 4th, 1596, the first year of Keicho, 
which destroyed the magnificent castle buildings of Toyotomi Hideyoshi at 
Fushimi, near Kyoto, did not happen alone, but was preceded by the destruc- 
tive shock of Oita and Beppu on the Ist of the same month, which originated 
in the bay of Beppu, at the extreme west of the Inland Sea. This latter earth- 
quake, accompanied by tsunami (tidal waver), is well known on account of the 
submergence of the Uryu-jima, which had been a populous islet near the 
coast of Oita. (iv). The two severe earthquakes on Jan. 17 and April 30, 
1897, which caused some damage about the town of Suzaka in the vicinity of 
the Asama-yama volcano, were each time preceded by a strong shock in the 
western portion of the Inland Sea, and followed by another off the southern 
Pacific coast of the Main Island, as shown next: 


{ f 
Date andrii mens | Major and Minor Diameters 


Ocensreices Position of Eqke. Origin. | of the Area of Sensible 
| Motion. 
Jan. 17, 1897: 0.49 a. read Sea (off the coast of — 950x140 194 oe 
1}e | 
p a - 5.36 aA.m.| Suzaka (Shinano.) | 130 x 110 a 
io kos 9.27 p.m, Pacific Ocean (near Izu.) 120% 90. | 
April 19, 1897; 9.30 A.M.| han. Sea (off the coast of, 170:x120 5s 
{ 1}e 
, 30, ,, 4.02P.M,| Suzaka (Shinano). 130 x90 _,, 
in OES 0.14 4.m.} Pacific Ocean (off the coast of! 90x80 ,, 
Totomi). 


Examples like these seem to indicate the existence of the mutual con- 
nection between the seismic disturbances of the Inland Sea and those of other 
parts of Japan, volcanic or otherwise. (v). As a further example, may be 
mentioned the Inland Sea earthquake on March 17, 1649, which was 


eee | ri =3,927 km. 
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felt strongly in Tyo and Aki, and damaged the ishigaki (stone retaining walls) 
of the three castles of Uwajima, Matsuyama, and Hiroshima. This was 
preceded and followed by destructive shocks of local nature in the Kwanto 
provinces of Musashi, Sagami, and Shimotsuke, as follows : (1). June 16, 
1647. The two provinces of Musashi and Sagami were strongly shaken. 
Damage was done to the ishigaki of the Yedo castle and the mansions of the 
daimyos. The head of the bronze Daibutsu (huge image of Buddha) at Ueno 
was thrown down. 'The ferry landing of the Banyu-gawa was also damaged. 
(2) June 12, 1648. A strong shock took place in the vicinity of Hakone- 
yama, causing damage to the mountain paths. (8). July 29, 1649. The 
earthquake was strongly felt in Musashi and neighbouring provinces, dama- 
ging the ¢shigaki of the Yedo castle, and overthrowing the residences of several 
daimyos. The head of the Daibutsu at Ueno was again thrown down. At 
Nikko, the stone fence of the Toshogu shrine was thrown down at several 
places. (4). Sept. 1, 1649. The shock was felt strongly in Musashi, causing 
some damage to the Hirakawa gate of the castle of Yedo. At Kawasaki 100 
dwelling houses were destroyed. In the year 1649 the Shirane-san (Nikko), 
the Asama-yama, and the Aso-san were in eruption. Among these four 
Kwanto earthquakes, (2) and (3) seem to have been of volcanic origin. So 
was also the case with the Kagoshima earthquake of Jan. 12, 1914, and the 
Oshima earthquake of (i), and the two Suzuka earthquakes of (iv), and possibly 
also the Beppu earthquake of (iii). 


28. Volcanic Eruption and great Tectonic Earthquake. In connection 
with the destructive Sakura-jima earthquake at 6. 28 Pp. m., on Jan. 12, 1914, 


I may mention the great Kisagata earthquake on July 10, 1804, Getbst4EAH 
MH RBAME), when the ground was elevated some 3 metres for the length of 
over 10 miles along the coast of the Japan Sea, at the foot of the Chokai volcano. 
It was on this occassion that the lake of Kisagata, formerly famous for its 
beautiful scenery and known as the Matsushima of Dewa (Provinces of Uzen 
and Ugo), was uplifted and dried, so that its numerous islets crowned with 
pine trees are at the present day left amid the converted cultivated fields. It 
is scarcely to be doubted that the Kisagata earthquake was connected with the 
great eruption in 1801 of the Chokai-san which resulted in the formation of 
the new lava dome called the Kyowa-dake (##lfé), the present central and 
highest peak of the volcano. The last great explosive eruption of Mount Fuji 
on Dec. 16, 1707, (#AB4+—HH=H), which resulted in the formation of a 
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new large cinder mound ‘“ Hoei-san,” may also be supposed to have been 
connected with the earthquake on Oct. 28, of the same year, (@x*44F+A MA), 
which is regarded to be the greatest among the earthquakes experienced in 
Japan since the earliest historical times, and whose destructive motion area 
stretched from the northern part of Kyushu to the central part of Suruga in 
Tokaido. Again, the earthquake on Aug. 23, 1856, (RKR=4+H =A), which 
was felt strongly along the s. 5. coast of Hokkaido and produced tidal waves 
(tsunami) at Hakodate and along the coast of Yufuts (Tomakomai), was _ 
followed 28 days later, on Sept. 20 of the same year, by a great eruption of the 
Komaga-take volcano, situated on the southern border of the Voleano Bay. It 
is to be noted that the eruptions of Chokai-san, Komaga-take, and Fuji-san 
here mentioned were all markedly strong disturbances which continued for 
several days or several weeks. The destructive earthquakes which followed or 
preceded these volcanic outbursts may be regarded, together with the Sakura- 
jima earthquake on Jan. 12, 1914, as furnishing examples of non-local tectonic. 
seismic disturbances connected with great volcanic manifestations. That such 
should be the case is easy to understand, as some of the voleanoes at consider- 
able mutual distances, notably the Sakura-jima, the O-shima (Izu) and the 
Asama in 1777-1783 and again in 1909-1914, made eruptions successively in 
the course of a short time interval; it being thus evident that the volcanic 
stress is wide-reaching and affects simultaneously the whole island are of 
Japan. This condition may of course lead, or may be precursory, to the 
occurrences of earthquakes of large extension. On the other hand, it is quite 
conceivable that the volcanic eruptions tend to relieve the stress accumulation 
within the earth’s crust in the neighbouring area, thereby preventing the 
occurrence, or reducing the frequency, of seismic disturbances. Thus, the 
relation of volcanic and seismic phenomena may be summarized, as follows: 
Volcanic earthquakes, or those having origin under or near an active, dormant, 
or dead volcano, are usually limited in area and of no great intensity, belonging 
to the category of what may be termed a small local destructive shock ;* in some 
rare cases, however, the eruptions are connected with large tectonic earth- 
quakes. 


* An earthquake whose intensity is not enough to destroy ordinary wooden Japanese 
houses, . 
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29. Successive Occurrences of Volcanic Eruptions. The occurrence in 
the recent years of the eruptions from the different mountains unmistakably 
indicates the existence of a close relation between the Fuji and Kyushu 
volcanic chains, as is illustrated below. 


SCHEMATIC ILLUSTRATION OF THE SUCCESSIVE 
OCCURRENCES OF THE ERUPTIONS. 


(2’’) IIL 17-IV 12, 1916. 
(3’) VL 6, VIL6 and 16, 1915. 


(3) { XIE 8, 1907. 


L-V 8, 1912. 
Yake-dake. (2) IV 7, 1906. 
fy 1897. (2) I-Il, ) ae 19, 1915. 
XX. 1905. 1917* VIL 1, 1915. (VIII 7, 1902.) (3'’/) IV,1917. 
—Shirane—Asama——Hakone—0O-shima——Bayonnaise—Smith R.—Torishima——M. Iwo-j.—Agrigan 
4) as 31, 1909 (5) TIT-IV, 1912. (Wy) Vii. of, 1916. (1) XT 28, 1904. 
—V 5, 1914. ) { Fx-x, 1912. (1’) 193, 1914, 
(2') V 15, 1914. 
(1”) XK 14, 1915. 
(8) IT 13, 1914.* (IV 11, 1903.) 
Aso—Kirishima—S akur a-j —Iw o-jima—Suwanose—Torishima—Hoka-sho 
V 19, 1913. (7) 112, 1914. (9) TIT 23, 1914.* 
(6)4 XE 8» 1918. 
[xu 9, 1913. ! 
18, 1914. ' 
» (8) VIE 16, 1915.* (6’) IX 6, 1915.* ' 
(4’) IV 19, 1916. (3’’) IV 18, 1916, 


The series of the eruptions were repeated in four periods, or cycles, of 
successively decreasing intensity, as follows: 
(i) 1904 to 1914: M. Iwo-jima (South Sulphur Island ;) Bayonnaise 
Rocks; Yake-dake; Asama; O-shima; Kirishima; Sakura-jima ; 
Two-jima; and Suwanose-jima. 
(ii) 1914 to 1915: M. Iwo-jima; O-shima; Yake-dake; Bayonnaise 
Rocks ; Kirishima (eqkes. only) ; Suwanose-jima (eqke. only). 
(iii) 1915 to 1916 :—O-shima ; Yake-dake ; Hoka-sho (near Formosa). 
(iv) 1916-1917 :—Smith Rocks ; Hakone (eqkes. only). 


lst Period. (1), the disturbance began near the south extremity of the 
Fuji voleanic chain, on Nov. 28, 1904, with the submarine eruption off the 
N. E. coast of Minami Iwo-jima of the Volcano Islands group, resulting in 
the production of an ephemeral islet. (2), On April 7, 1906, there followed a 
submarine eruption near the Bayonnaise Rocks situated 110 km. to the south of 
the Hachijo-jima. (3), then took place on and after Dec. 8, 1907, outbursts 
from the Yake-dake volcano in the Japan Alps, near the northern extremity of 
the Fuji chain. (4), there soon followed the activity of the Asama whose 


* Earthquakes only. 
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premonitory sign occurred in the form of a violent local earthquake on May 
26, 1908, resulting in the strong explosions first on May 31 and Dec. 7 of 
1909. The explosive violence of the Asama was greatest during 1912 and in 
the summer of 19138, (5), in the mean while, the O-shima was also thrown into 
an unusual activity and made splendid firework-like outbursts of lava in 
March-April and in Sept.-October, 1912. Toward the end of 1918, the three 
great volcanoes of the Fuji chain, namely, Asama, Yake-dake, and O-shima, 
passed the climax of their activity and were all brought to a state of rest. 
This meant the removal of the seat of volcanic activity to Kyushu. (6), initia- 
ted by the occurrence since May 19, 1913, of a group of local earthquakes in 
_ the neighbourhood of the Kirishima volcario, which had been dormant for the 
~ 10 years since 1904. The disturbance in the stress equilibrium of the earth’s 
crust soon spread to the peninsula of Satsuma, and the town of Tjuin and the 
vicinity were shaken at the end of June of the same year by a severe earth- 
quake and numerous secondary shocks. On Noy. 8 and Dec. 9 the Kirishima 
finally broke out into strong explosions. Thence the seismic and volcanic 
activity in the southern part of Kyushu underwent a rapid development, and 
the 8rd explosion of the Kirishima on Jan. 8, 1914, was followed, (7), 2 days 
later by the occurrence since the night of the 10th of the local earthquakes at 
Sakura-jima whose frequency rapidly increased; no less than 337 shocks 
having been registered even in the city of Kagoshima by means of an ordinary 
seismograph at the meteorological observatory during the 27 hours between 
the llth, 3 a.m. and the 12th, 6 a.m. The great eruption of Sakura-jima 
finally began on the same morning at 10.o’clock. (8), after the Sakura-jima 
outburst, the telluric disturbance spread further southwards, resulting in the 
strong earthquake on Feb. 13 at Iwo-jima, one of the Satsuma islands group. 
(9), there was also a strong earthquake on March 23 at the Suwanose-jima 
situated further south. 

2nd Period. After the Sakura-jima eruption of Jan. 12, 1914, the 
volcanic activity reverted at once to the Fuji chain and, (1’), it was only one 
week later that the Minami Iwo-jima became again the scene of disturbance; 
a submarine eruption occurring at the same spot as in 1894 and resulting 
likewise in the formation of an ephemeral island. (2’), the O-shima made a 
third marked lava eruption on May 15. (3/), the Yake-dake quickly 
followed in the series and made an explosion on June 6, 1915. (4’), On June 19 
and July 1 of the same year submarine eruptions took place from the 
vicinity of the Bayonnaise Rocks. Thereupon the volcanic activity was again 
transferred to Kyushu, and there followed, (5’), a strong earthquake on July 16 
in the vicinity of Kirishima, and, 6’), another on Sept. 6 at the Swanose-jima. 
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3rd Period. The tellurie disturbance went back to the Fuji volcanic 
chain for the 3rd time, and resulted, (1”), in the small outburst (smoke emission) 
of O-shima on Oct. 10-31,1915. (2), the Yake-dake made small explosions on 
March 17 and April 12, 1916. Then there followed slight disturbances in 
Kyushu: (3), the submarine eruption on April 18, 1916, near the islet of 
Hoka-sho (vicinity of Formosa), and, (4), a small eruption of the Aso-san on 
the next day, the 19th. 

Ath Period. 'The 4th stage of activity along the Fuji volcanic chain con- 
sisted of, (1/’), the submarine smoke emission in the vicinity of the Smith 
Rocks on June 21, 1916 ; (2’”), the local earth-sounds (jinarz) and earthquakes 
of the Hakone in Jan. and Feb.1917; and, (3’”), an eruption in April 
1917 of the Agrigan island in the Marianas. 

Of the four cycles of the volcanic activity above described, the Ist was 
the most powerful. The 2nd cycle was much weaker, while the 8rd and the 
Ath were very feeble. 

30. Concluding Remarks, ‘Through the liberality of the Imperial 
Earthquake Investigation Committee the present author was enabled to visit 
Sakura-jima several times during the course of, and after, the recent eruption, 
carrying on, amongst the others, tromometer observations of the after-eruptions 
and volcanic earthquakes. The eruption in question was, as far as the 
amount of lava outflow and ash precipitation is concerned, the greatest which 
happened in Japan during her historical times. This circumstance, coupled 
with the small size of the island voleano, caused a marked subsidence of the 
adjacent ground, especially of the bottom of the sea lying behind it, or to its 
north. Thanks to the kindness of the authorities of the Military Survey and 
_ the Hydrographic Office, laborious series of the precise leveling and soundings 
were carried on in the areas concerned, determining exactly the amounts of 
the displacements of the ground due to the great eruption and of the subse- 
quent recovery. 

The Sakura-jima outburst in conjunction with the Usu-san eruption of 
1910 gives much light on the process of formation of volcanic lake, situated 
behind a volcano, and also the building up of the volcanic chains actually going 
on at present. The foregoing pages constitute a modest geometrical and 
seismological reports on the great Sakura-jima eruption of 1914, and the 
course of the after-events followed for the next 8 years.* 


* For an excellent petrological and geological study of the eruption the reader is 
referred to Professor B. Koto’s paper, “ the Great Eruption of Sakura-jima in 1914,” published 
in Jour. Coll, Sc., Tokyo Imp. University, 38, Art. 3, (1916). 
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